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(57) Abstract 



A medical facility (70) after discharge of a cardiovas- 
cular patient, can remain in contact with the patient. The 
patient is provided with a multiple lead EKG terminal spread 
(42) placed on the body. The collected EKG signals are 
multiplexed (46), converted into digital data (54), stabilized 
(56), compressed (62), then transmitted through a modula- 
tor (64) to a remote central location (70). At the central 
location, the transmitted EKG data is demodulated (74), de- 
compressed (76) then analyzed using a neural network (82). 
It is compared with normal EKG signals, and signals cap- 
tured in time from the same patient as part of the patient to 
get immediate treatment may be remotely activated either au- 
tomatically or by an attending cardiologist. As appropriate, 
transmitter/receiver repeater stations (104), and synchronous 
satellites (110) may be used to convey these signals. 
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REMOTE CARDIAC DISORDER RESPONSE SYSTEM 

5 

BACKGROUND OF THE DISCLOSURE 

Heart related disorders exemplified by ischemic heart disease, such 
as a heart attack, have been and likely will continue to be the most 
common cause of death in the industrialized world. An estimated 1-2 

10 million Americans suffer from heart attack per year. Approximately half 
of the heart attacks are "silent" meaning they are not felt by patients. Half 
of the patients who sustain heart attacks die prior to arrival to hospital. 
The present innovation, therefore, relates to early detection and long term 
monitoring of heart related disorders. 

15 There are any number of patients who are suspected of heart 

disease. As the effects of aging manifest in the population in general, 
certain heart ailments will sometimes appear suddenly, or will sometimes 
develop slowly over a period of time. Beginning at about age 50 for men 
and age 60 for women, it is usually desirable to build a data base line by 

20 conducting an annual physical which includes the collection of at least 
some heart data. A resting electrocardiogram (EKG) typically done with 
twelve leads provides modest data. It is better to obtain the test data on a 
stress test utilizing a treadmill. Any number of specific protocols have 
been developed for conducting the- stress treadmill test and obtaining data 

25 from it. Technically,, Xhe . .heart, &tfack is often defined as myocardial 
infarction (MI) and typically involves a localized f:; .shortage, of, .oxygen 
formation of a regionalized blood clot which attributes to a shortage of 
oxygen in : some portion of the heart. This condition is known as ischemia 
of the heart muscle. With age and perhaps a loss of cardiovascular 

30 strength,, a patient may develop difficulties which can be observed by 
stethoscope, but the better approach is the collection of data with a twelve 
lead EKG test. The multiple lead approach simply gathers so much; more 
data that it is much easier to measure both an initial state of affairs arid to 
make prompt appraisal of the condition of the patient. 

35 In any number of situations, heart patients may have a series of 

difficulties over time. With each ; small or = large difficulty, there will be 
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some change in the base line conditions for that patient. While some 
measure of recovery can be had, the prevailing or , normal circumstances 
for that patient will be, in some fashion^ different than they were when 

that . P^. tient was just becoming an adult^ ^ S 0 to, .speak, each, event may 
5 define or redefine the base line circumstances. 

In other instances, no base line data will be available because the 

patient^ will ' be suddenly struck , with difficulties or,, an . ailment, with results 

something less than fatal! NeverthelessV the ailment impacts the patient, 

perhaps requiring treatment .for a day. or, two and some hospitalization. 

10 Consider, for example, a middfe aged person, who has a modest chest pain 
and 'is' immediately - admhte'd'_ to' ^'.hosp.ital^fpr*', observation., They may leave 
the hospital the next day, perhaps with medications and with warnings, 
perhaps dire or otherwise, deman<£ng a change in lifestyle including a new 
diet '. Ruction-" or stress, and i' other cri an ges in. lifestyle. Instructions to 

15 return to the' doctor in a few d^ represent^ fsoirie .sort of cold comfort 
which they carry with them. The 'return to the doq tor is normally, for the 
purpose of simply monitoring ' : ' f theit.. condition." .. ".Usually, the medical 
personnel in charge of treatment ,'have a fairly safe estimation of risk and 
health maintenance that are necessary . for the. : patient. , The patient, 
20 however, is normally struck with fear and. apprehension. Moreover, for 
many types of ailments, merely going to a. doctor's office and especially 
going to a hospital prompts ^ high Iqvel of., internalized stress , which is 
manifest in "the cardiovascular, system. Some pepple . b.ecome highly 
agkated which , is J reflected in , an s elevated.., pulse .rate, perhaps shallow 
25 breathing arid " other ^'jcommon .symgtoms . of-. stres.s, These, make s the return 
visits to the' doctor ' somewhat problematic. It makes .it . difficult at anv 

.■>»*• V .•• ••• ."■j'tOC • 5 • i , ; • . ;.:L' :-. .-■ j>>':'.i': • • ■' ■ «.•• ■ v ..• J 

point in time for medical intervention in that the patient is asked to calm 
their stress and lay aside ^e ^worries and.,, anxieties ,. f . 'both real and 
imagined, of the next 'episode. . They always ^question, whether the next 

30 episode . will be smajl or large, sudden or immediate/ It : is ^ir to say that 
this possibly short term stress and anxiety affects the collection of the 
cardiovascular data, and may even mask or otherwise perturb more 
permanent cardiovascular indicators. ]' 

Interestingly, the /collection of cardiovascular . data, on a. Jong term 

35 basis enables the patient to return' in. some fashion to a normative lifestyle. 
Stress and' related anxiety are . generally , reduced., ; Furthermore, not 



BNSDOCID: <WO 9955227A1 I > 



10 



30 



WO 99/55227 PCT/US99/02550 

hearing the truth' somehow avoids the; bad news, and subject to this 
thinking, many patients are rebellious about return to the. doctor and will 
not return. They rdasori along the lines that the knowledge will be 
frightening so thait if they do J not know, a cardiovascular abnormality will 
somehow not harm them. The dangers in this attitude are conspicuous. 

A relatively high level bf anxiety is manifest by a patient who is 
required to undergo a stress' treadmill test. Not only is there physical 
streiss in the sense that muscles are pushed to the limit, but there is simply 
the anxiety that this is a test hot required of healthy people. By contrast, 
when a patient is monitored day arid night, they are , compelled, to forget 
the monitoring. Monitored iata will, therefore, reflect long term conditions 
and not be perturbed by short term, testing related emotional effects. 

The monitoring 6f a patienf around the clock, however, is clumsy 
because of the nature of tHe equipment.* One common monitoring system 
15 involved the Halter test. This test involves recording, in a .small cassette 
recorder, heart data which is derived from a few EKG leads where the data 
are recorded on a cassette. Typically, this test is applied to a patient for 
only 24 hours. One aspect of' the test that is burdensome is that the 
patient must report back to the doctor's office, return the equipment and 
20 deliver the cassette; Thereafter, the cassette has to be played back on a 
magnetic tape ' deck,' signals ' presented on "a screen, and the signals 
inspected oh ihd sCreen. " In the past, this data processing has been done by 
rv hand, meaning k technician must sit' and watch a replay of 24 hours of 
" heartbeats. With thilse of 60 'beats per 1 minute, this totals 86,400 beats 
25 while it goes to 100,800 beats at 70 beats per minute., This . is a fair 
amount of data to carefully exairiiriei. Ordinarily/ that is done by hand or 
'scanning;' 1 ' 1 ~ " ' ■* -'"^ '--*" ' ' 

Another monitoring system'* thai' 'has found favor is used for patients 
located in a hbspital coronary care unit (CC!U) and also to those who are 
postoperative. Mbnitoririg while in the CCU is self-explanatory. It 
provides ' instantaneous data to the medical* staff for emergency help 
depeirdent on the telemetry signals and data from the patient. Monitoring 
in a postoperative mode during recovery typically involves daily or near 
daily attendance of the recovering patient to a hbspital located exercise 
35 room! It is not uncommon for patients in this status to really want to 
change their lifestyle. Habits die hard! After not exercising for 20 or 30 
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years, after eating almost anything that . they desired for the same time 
interval, and after accumulating .excess- weight, the patient then gets 
something of. a scare , from the . cardiovascular episode. . Patients then 
immediately t seek a y new .lifestyle -that, ..will fix up the : , accumulated 
5 problems and damages suffered , in v their, body after 20 or . 30 years of 
neglect. In, a particular instance; .they may go to . an exercise facility 
maintained by the nearby, hospital. In the exercise room,,, they typically 
will check in,, be .fitted with r , a frequency modulated (FM.) telemetry system, 
and then _ wiU be instructed to exercise , at a very gentle : and slow pace on 
10 various machines under the w.atchful ; eye„ of. medical .- personnel. The 
personnel, not only , watch the. patient visually through a, window, they also 
w^tch the FM tel^emejry. signals, received from: the patient during the 
exercise,. sessio.n.... , As.surni.ng ^hat^he-.'patie.nt is faithful to the program, they 
• wi -M ^ bu M d >;-rH p ^-f 0111 -;'; 1 ^ 65 ^ iOf 0 ^pecfjDrm;ar«5je,- ; -..ion.r -the machines; thereby 
15 . . strengthening their _ body and strengthening, their heart in a - : post recovery 
mode. It is not uncommon for patients to continue this for : - many weeks 
always under the watchful eye of the attendant personnel when . coupled 
with them via FM telemetry. However, there comes a day , when the 
patients have to exert themselves .away from the : medical facility, away 
20 from the watchful eye of^medical^personjnel who have, by this time become 
; ver.y familiar with the. patients '.base line conditions and without the 
,-• r Qomforl. o ( f £ .the telemetry . .system.. Chores just as ;> simple, as . mowing the 
•• lawn, shoveling snow from .the ; sidewalk, or bringing, in .groceries can be an 
e ,^ erti ? n .;.p$ : a n unknown. "leyel,- likely, to cause a raised ; pulse,, and possibly 
■ 2 ? L ^?H b J? ct _>t°f, stress,. as a, result . Qf ? the, -missing .comfort provided by the FM 
^.tSlem^try and /: attenda y n£, •• ime^ica^ v pei;s.Qnnel. That fear itself can add stress 
: tp .the ,patient ( prompting ^..even^.higher levels of pulse rate, shallow 
.breathing, etc.. All o^<, these. ; ;factors occur when the recovering patient 
. . forgets , and . undertake.s a task . qn ; ;rne,e.fcs a challenger .away- ; from the safety 
30 of the .controlled ..exercise: routine. ; Another: aspect of heart, care- is . absence 
of noticeable pain. The pain - in some; people is .minimar* because there are 
fewer neryes. in the. : heart region compared with the face or hands. Over 
, time, cumulative small . :i MI - events may. . collectively i damage; the heart 

. silently, i.e., with no alarm. , ; • 

35 By contrast, it is most desirable that recovering -patients .be 

discharged to, undertake a lifestyle which, is substantially free of medical 
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intervention. Iir attempts f to rebuild strength, they are encouraged to 
; undertake walking programs and other exercise regimens which build in 
. i difficulty over time.' While 'the difficulty may build; tHe f>atierit must have 
"■:.■':*.»' the courage to jump into Hliat program knowing that controlled physical 
5, exercise is the best modeP of recovery. That, however, is hard to tio without 
medical supervision. That is difficult and a fearful thing in general terms. 
Monitoring of the* data geher&ted by d p'atierit throughout the day in a post 
recovery mode is not ^possible ^because' it would otherwise 5 require the 
patient to simply' live in the -hospital or in 1 the adjurict exercise facility. 
10 That 1 ' is unwieldy and- not' reasonably calculated to restore the patient to 
"normal"!- living as defined by v the life' of that patient. The goal, it would 
/ seem, is to restore ttie patient tb^- a' 'hormal job situation with normal 
exercise, but to increase athd-erihaiice the exercise level so that the patient 
/ ^ can recover to the' -lev^eP'he 1 of -'she had J before the fepisdde and also to 
15 hopefully increase theif ! strenftli': fey ' a L iiew ^lifestyle 1 featuring appropriate 
exercise. This can ^be* seen only u By "observation of the patient over weeks, 
' or preferably over many j months, so that the patient can be restored to an 
effective status:' f i ■ 1 1 

\ The present disclosure is directed to a response system for use with 
- 20 cardiac disorder. ' It is intended that 1 the term "cardiac disorder 11 be applied 
broadly; * It is Sufficiently broad that • it- would include life threatening 
• myocardial infarction (MI beloW) as Well as lesser "circumstances which are 
; not life threatening. ; It is particularly n intended' Ho respond to 'the above 
mentioned^MPas' well as relatively -sferiOus ' fibrillation situations, : iand lesser 
: 25 situations such as^thdse ^quiring^^ardioversTon: v It Can also bemused for 
loss of heart' pace, where it pifcks c ;up* the a sl6w^ 6r iib£erit fieafr bfeat and 
brings an increase in rate of tfte :i heart pumping ;Y a6tibn: '■ - It ^fe a: system that 
;is intended to be used with' a -niobile ' patieiit' who because 1 bf underlying 
heart ailihent; may be in a vulnerable state Of heMth. It is also intended to 
30 be used with those ; who have had a -general lo^sdf vitality, heart strength 
or have'-s^ffered- significantly 3 from aging! - v: ; In 1 all instances it is especially 
helpful so that- patient confinement ii y riot mandated. The patient can be 
permitted, with the- ; equipment of- -this disclosure, to roam within radio 
range of a treating physician, and to always have the available assistance 
* 35 of; -a (treating physician. ' ■ - ! -' - ■ 

■ . > ; ? The syistem contemplates 'telemetry from th6 patfent 1 to a remotely 
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located, central monitoring facility where records are kept. -In that sense, 
patient mobility is cpnsidered to be ordinary, substantially unfettered 
, s roaming, and yet the patient has the luxur ; y of knowing that untimely 
abnormal conditions can , receive a quick, .response. The system -is- also able 
5 to respond ; to an . emergency and, can even trigger a call for. emergency 
, medical rescue such as dispatching an ambulance for the patient: 
_ ' .Patent Application Serial No. 09/067,199 which was filed on April 
27, 1998 to the United States Patent office sets forth a system which uses a 
set of electrodes to .collect heart generated signals and transmit, them to a 
10 remote location. s The . present^ system - further integrates with that 
equipment .and. describes a response, system. The , response system of this 
disclosure is advantageous in -that medical -\ intervention from a remote 
_ location, empowered. Tlje^atiejit. is.,, therefore equipped with the patient 
worn device : forth . ^^his ; xlisclosure^ : , That ,fprms u a signal and . hence makes 
15 a transmission from, the patient location , to a ^central facility,: So long as no 
problem arises, the centraliy located equipment . .remains passive, . i.e., . it will 
monitor and record and yet does not need to;, form, a , response. The patient 
in this instance is equipped , with, a battery powered external monitoring 
system which is capable of providing monitoring of ..heart beat, initiating 
20 defibrillation or ^external pace, maker,. Such a system is installed on the 
patient for varying durations as deemed necessary.. . In .some instances, 
fc they , can be _ installed . pqrmaiie.ftt-l^, for. example, at ;. the time of cardiac 
: . surgery or along with an . implanted pacemaker,.; but the main advantage of 
the present ^equipment .is , that,,it ;is ^portable and can , monitor * patients from 
-L;;;^ • r x mote .;^ i r te ; ™ itn - . wired • ? r : w 45^ess communications as long as the 
•< -r-;-^y s ^? n -M d .^B m ^r. ne 9. es ? ar ^ ; <v W.hen >c no longer necessary,, the .equipment 
installed on the patient and- the .related -electrodes, can be removed. This 
, : vr: ?ystern m^y .be. ,,very r ^Sj;ful ?; fqr a . "person . recovering from heart surgery or 
a -- ! !? e "^ n recovering _ftomr ; a r e; cent a ,ML ; < In those .instances* /.-the patient is 
30. troub^d by apprehension and fear, as, they r attempt , to return to ordinary 
duties. More than just giving.the patient, -a .sense of .comfort ; ?by equipping 
the patient with this equipment, the .patient, has the , further,-, sense that 
they are being monitored for .their goqd .health, with the possibility of 
intervention e.ven should ,they not recognize the post: recovery; difficulty. 
35 The. electrodes applied to patient;* skin, by virtue of connection via 
electrical . wires,, transmits electrical activity of , the heart to the recorder 
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which in turn displays, records or transmits f an electrical ' signal. This signal, 
for the purpose of maintiiining integrity during transmission, is digitized, 
/ . •• stored and then transmitted. 1 It is the process of digitization of electrical 
; v signals that allows prfeseht Invention detailed ^iialysiis of electrical 
, 5 segments of each hfcart beat Such a* detailed analysis of electrical activity 
of the heart allows this novel device tb analyze electrical potentials 
recorded during ah electrical' cycle of the heart beat. Such electrical 
.potentials,- when rioted ih 'a patient especially after a heart attack, are 
considered/ harbinger * of further electrical instability to come, such as 
IO fibrillation which a chaotic form' of electrical rhythm. A Wavelet form of 
;■: analysis of the ') electridal activity df' the heart beat, which is utilized in this 

device,! thus allows an improved Method 1 of detectirig electrical potentials. 
,. Post recovery difficulties a ; rb' ;!j arrnost a given for tfiose recovering 

, ' . from heart attacjcs, *op6ft K fieart 'surgeFy 4i!ri<i ? the : Tik'e. J Not every day will be 
,J5 > as smooth as the ^day* 'Before. ^J^t 3 feve^y■ , d^y be'ks free of stress, < be it 

) emotional ' or physical- "stress.-- - Not evfery day will find the patient resting as 
much as they might-need. Not eviiry day will find the patient exercising 
with, the appropriate ' routine to rebuild strength' and weaned from the 
equipment of this disclosure- 
20 In that: gray area between ; -ftill recovery ' on the one hand and the 

.. . apprehensive, . even frightened f statfe df affairs that prevailed before that, 
. i.ahe cpatient : may well 1 be?ne-fit tiryi^endously from this type medical 
\ intervention^- -More ' importantly, ! this device is intended to assist early 
! detection of : heartv attacks with -an ^ability :) to haVe' therapeutic "intervention 
,25 prior to arrival of emergency medfeai personnel' on 'the scidfie. " J The medical 
intervention set forth in this { prodedtire utilizes a' c ttionitbring and response 
; system ; which includes a batteryv a power supply aiid : a puls6 forming 
circuit In addition, r it "connects to the ; patierit with a ' set of eilectrodes which 
are mounted on the body of the 'patient: Th6 electrodes are typically held 
30 : on the skin of the patient in contact with the ; s^ so that 

they can/ provide^ a medium - for recording electrical ^impulses as well as 
administering electrical shock to the surface heart ' region. Varying degrees 
of ^electrical shocks are - necessary to either bring the 'heart to a regular 
- rhythm; tor begin faster heart beat" in case of slower heart rate. 'More will 
35 be ; noted concerning this shock later. This caii -be used in 1 one of two 
. circumstances. ' Where the heart 1 loses its rhythm, the' heart's electrical 
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activity can be restored through the pacemaker shock to restore desired 
heart rate/ ' Oh the other hand, 1 the heart may ..over speed. And here are 
those occasions/ however/ where the hearji ' goes . into unfruitful oscillations 
which are known as fibrillations . Wiile th^ . musci^ of the heart will quiver 
5 no pumping benefit to "the patiem will occur. In that instance, a much 
larger jolt 1 is" administered ' '/'in effect,, it is a port ably delivered 
■ : ; ^ defibrillation shock; In the v peacemaking mode, the device typically will 
deliver several pulses per minute, ; say sixty to seventy-five pulses per 
minute. These are relatively small pulses. In the defibrillation mode, the 
10 device delivers a calculated large pulse.. After an . interval and in the 
absence of ' appropriate pulse restoration, f another large pulse is delivered 
A progression, of \^y^'K^^>'^ within a specified minimum 
time (e.g. five seconds) until .the heart, is, then ..again significantly". shocked. 
The defibrillation pulses grow in size while , the, , pace, making pulses, remain 
15 relatively smaller. Thus, in the peacemaking :.mode, the heart is provided 
with 1 ? series of relatively evenly jpaced, relatively, small pulses with a 
view of maintaining the heart' at ; a fixed and steady, rate. By contrast, in 
the defibrillation ^ mode, larger ^pulses are delivered initially and grow 
larger in the event the defibrillation continues . Not much time, is permitted 
20 between defibrillation pulses; .after^the firs.t is .applied, the absence of a 
. normal heartbeat in the next" few. "spco.nds r prompts , the need., of another 

- , . aefibrill ^ ti0n pU jK. only }™W?C .ferne becomes' quite urgent in that 
situation i.e., serious permanent .fiarm, ..can ; arise should, the heart pump 

'J.-'.^vi'^t^?^^,'"??" an ? ■ mp £ e r ; * han ; aboufi.twq or three, minutes. ,. To that end, 
*Vf? r L .^PPj^ng. , ^ uipm ? n -* .SWitphes ^yer to .the defibrillation mode 
■ "7~™ d . J^^ /^P^ 'P 0 ^:. thaK is ..available "in this life threatening 
, v ; situation. Wiile*. there '.are/ 'other .defibrillation and peacemaking equipment 
" available in _ the "mar.kV, ,'the^ proposed ..device ^differs .in the .fact that both 
tl ? e " monitoring ^ o'f ; patient and ... the . intervention of- r electrical ^shocking for 
30 pace makmg or deflb^illa provided from a . remote , distance, ... 

Thus, the present disclosure ..sets forth a , systern which, permits 
•• _" monitoring ' and;'deiivering a controlled medical interyention" for-, the patient 
,. Wh °: : is waiting; for ' emergency medical personnel" .to arrive on- the .scene. 
This' can be especially helpful if the ; patient is . unconscious , or does not have 
35 :^ OU S- ; m?r ^ a l a,er tness t 0 ^iio^ directions and np immediate help 

is available; Many lives /can be,. .sa ; yed .through. r the remo.te .-medical 
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intervention which is accomplished by a centrally located personnel able to 
read and diagnose the heart originated signals form the patient and treat 
or direct it from a remote location. 

* : - The present disclosure is also provides patients the freedom which 

5 enables the him or her to be restored to normal mobility, i.e., out of the 
hospital and in the home surroundings. Normal life means, different things 
for different * people, * but people feel more comfortable when restored to 
their normal activities. This reduces anxiety and seems to speed recovery 
from pri6r p heart difficulties. The system enhances the liberty, and yet 

10 provides the assurances appropriate for the patient during recovery of 
available medical intervention. Moreover, the medical intervention can be 
highly tailored so that small difficulties as well as catastrophic 
circumstances ' can be 'dealt with until medical personnel arrive on the 
scene. It is one tfiing 1 to summon an ambulance, but it is an altogether 

T5 different matter to°*proVide; pauerit "witli directions on the phone about 
- what is detected by 4 remote on-line' monitoring by trained personnel. 

; i The present 'apparatus is summarized as a system and incorporates a 
method of medical intervention involving mobile patient. 

v The patient : is equipped 'with the patient mounted sensors, signal 

20 conditioner and : transmitter 1 as ' set ' forth in the present disclosure. That 
transmits 'from the patient to' a' central antenna ideally connected with a 
receiver system' to V: be 'described wtiibh ' present images on an emergency 
^ basis for plirpdses of intervention so that -skilled and trained medical 
'personnel can 'personally interveAe. ' The intervention occurs at a distance. 

25 The equipment can be used to ; monitor 1 the status^ of hundreds, qr thousands 
of patients at a given moment/ 1 Obviously, no single cardiologist will be 
familiar with all those patients v arid their medical histories. The present 
apparatus sets forth a system whereby patient data is stored in memory at 
the central location. The data includes all the data necessary to give the 

30 history^' of -the "patient, arid * includes "patient heart signal, wave forms to be 
used as ^ reference. In fact, data storage, organization, retrieval, indexing 
witli' cross 'referencing with " a confidential coding system is an important 
part of this invention. Thus, even a cardiologist who is a stranger to a 
particular' patient will readily see from the data stored in memory that 

35 • quantity arid type of diata that is necessary to enable mirior readjustments 

- and 'major catastrophic intervention. All of this is presented in front of the 
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; cardiologist, -supervising several, hundred or several thousands remotely 
. . located patients, ,:The.y are not lined up ? ftn : any . particular order but they 
; .are taken ..qui. of order ..based on> emeiigeney -intervention requirements 
When ..a signal, indicating,,a : change, in the - health, of a patient is transmitted 
., 5 t9 ; this facility, ,,the cardiojogist , personally-: reviews the ongoing dynamic 
, heart, beat of , the patient , in real, time and makes an intervention ' decision 
.. . based, on that. , The monitoring station alternatively can transmit signals to 
a physician either on = : a. digital ^pager or a- cellular phone with- graphic 
capability ; to, display. ,the. electrocardiographic date. * Thus, it' a three way 
10 communication .between patient,,. .monitoring station -and a physician which 
makes present intervention helpful: r: ' Audio =. and video signals are also 
transmitted ;to ; .all three to improve .-overall ; communication. Thus a signal 
can, be. transmitted, back to; theopatient either from a monitoring station or 
from a physician. The-paiient -is equipped iwitK * monitoring system with 
15 capability of initiating pace maker or defibrillator which is operated in any 
of several different modes to administer?} precisely^-what is required by the 
; patient dynamically afc : the moment; The equipment can also be completely 
off, switched on to provide a pacing function, or; 'in the -event of severe 
I fibrillation problems, it can. be used » as ..a defibrillator. ■ • 

20 The . patient is also equipped wi th a . patient "display which provides 

appropriate alphanumeric signals ! to the. - patient: : If need be, the patient 
. can t . also .be equipped with! :an. alarm: which ; sounds for the express purpose 
of, telling the, patient that:- the patient ought to' promptly, directly and 
without .delay get :,to ; ,a .medical, facility^ The patient may be five minutes 
■?5 .from a, local; or ^neighborhood; medical' facility, f > 'The'- trip ; to.= the treating 
; , ..hospital ; w,here r .vthe -patie^t;^had bypass-surgery ^may be' much longer and 
' V time ., might . not ., permit that- kindi ot .trip. In any case, the patient is 
.... ...provided , with-. ^ emergency ■ instructions in-: an emergency situation. Another 

important feature isnthat the patient- is provided: a signal to administer 
30, medications as needed. : The , device is preferably equipped 'with a small 
:: . container deliyering .medication to . = thei patient for quick treatment. Small 
tablets, of nitroglycerin are effective when takeni to relieve stress and 
. -difficulty, , Nitrp.glyc.erin has , a significant impact on patient's' health. A 
more profound intervention is administering ah injection -into the 
35. bloodstream of the, patients The patient is provided^with ' a cardiac - enzyme 
detection kit such as CK-.MBS or Troponin analysis Suggesting cardiac 
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damage. The patient is * also provided with a detection kit analyzing 
oxidized LDL *and modified LDL ; detection 0 kit to ! further enhance the 
r physician's ability to <;<liagnose ; ischemic heart disease." A number of 
medications are 1 also available' which function as clotbusters. r They are 
5 most effective in reducing: Ihe^ harm off a heart attack which is triggered by 
formation of -a clot; in the heartl While the disclosure sets forth an 
automatic .mode for * doing- this,-; it can be done directly and 1 automatically or 
can be done nby; : providing a signal td the patient whereby the patient 
.. f injects the ; clotbuster medicatiohtnwith^a small syringe prbVided with the 
, 10 equipment; ;M;Ore will be?? notedo concerning that hereinafter; r 

While the fqregoijig: ' summarizes in general terms the features and 
pperative equipment :found : in;, the present disclosure, and discusses in very 
, general terms t the. mode of operation,' the hattire of thie system and its 
method of > use will J>e set; foi]thi in detail belowO ^ io ; ; 

.15. . " . . iO^lHr^vf:- to : • i^^^.n- . . V . . 

^ SUMMARY OFT^^VENTION^- 'ivhv % i r 

; ( The prespntntdisplosure elfin-. 1 forth a monitoring system which is 
particularly, effective, for -patients rafter discharge from a niedical facility. 
This typically is- applied to a patient after a myocardial infarction (MI), or 
20 after heart surgery;, of , any sort, i; Alternatively, the monitoring system can 
be:, applied to ^elderly patients who, :on a regular checkup^ have been 
,. ..discovered to -h^ve .cardiovascuiiai* declihe which -requires some change 
v -either by medication * butc at least involving ! sbme" level of exercise and 
other treatment.) r..;.Roji inSt&nce/iiwiiih: a pdtient of ^80 yeai-6 of age^ it might 
,25 : be appropriate ; to eStablishuoilionitoringA toM^look for ' measured data 
i supportive of me#eal , inter ventioijy by^ instating .a ^pac6maker tb change the 

heart rhythm. Another aspect) may> ffclate .» t&v&urgery to correct valve 
action, in, r ;the heart -where the valve ^failure , is episodic; and not otherwise 
chronic. r In ; other r aspects, the u present 'irtonit&ring system can be installed 
30 and used with a patient for several : weeks or m6nth£ 'to safely conduct the 
patient h to the- end of, an exercise: phase during" recovery. 1 In this instance, a 
distinction ~ is . ^made: between exercise for rebuilding and exercise at a 
maintenance, level, jln the: latter instance, the : restored vigor of the patient 
often enables the patient to be discharged from a maintenance program. 
35 In )rS other jns$ance£ J it > may- be •necessary to monitor that particular patient 
essentially for. rtf?es remainder of their life. J ■ r 1 1 
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As stated previously, the present disclosure also sets . out a 
monitoring . system ..which .. enables a . patient , to-be . monitored in a medical 
facility,, typically including a.CCU, and. to, be r ; .subsequently monitored upon 
bping discharged to a regular room and , then;; discharged from the hospital. 
Alternately, U can be applied .to v a patienu who. develops a long term' trend 
indicative of a. slow loss of vitality. In .any instance; this equipment can be 
.applied to obtain monitored data of the patient over . an. interval of time so 
that the patient can be observed while; within, or more typically away 
from the medical facility. Because , the test , equipment worn on the person 
is omnipresent, it becomes a -matter ^ secqrid nature and wiil become less 
stressful than .the conventional visit ..to the • doctor's: office. Moreover, this 
enables monitoring , of the. patient -while . out of sight. 

Qn .£;.W e . c :f i of ;remote. A m.onitq5in.g > ;-isr.the .-difficulty, of' collecting all of 
the data and then observing,, that data ^dynamically f in the ideal situation, 
this colleetion j : and,,. observation, ^process, should moto .be. done by human 
intervention.. To be sure, well trained;- cardiologists Lean recognize' nuances 
not otherwise,, visible, .... While this .may be r the best analytical tool available 
short of a . catheter, it cannot ; be,:us.ed ; except when limited to hospital 
circumstances. In other worlds, it ; is . an ; important data point which can be 
input so that the patient thereafter . can 0 be . monitored with a continuing 
observation . yet without .the r crucial- -attendance required at. the medical 
,:i facility. The present disclosure sets , ; fpr : fch ..a monitoring; .system . which can 
sound alarm signals, without, humaR = intervention. Alarm; -signals . presently 
?y i ?ere ; j.the f/ ,heajt,. -ra^e; exceeds :c ;Spei:ified;slimi:ts v i.e., it .goes below 60 
25. beats per u secpnd (BPS^ or, above,,, 12Q G ^PS, ;( A;> more Sophisticated analytical 
approach: is a; obtained by>iihev. present ^monitor system- Further; the" system 
of. the, present -disclosure,-. enable? ^/monitoring.;. wherein the patients are ; able 
--i to &Pv. about tt l?. ir < business to. ? any , ; number, of: places or facilities? They can 
roam far., and wide,. ; • .T r he 3 .-:mqnitop r, dalfa ; • .are transmitted, by. means of a 
30 transmission system, r ,-tp ;a diagnostic, ;system located at a home t base; > The 
. amount , of data . ttransmitted . is, typically -large,, but can be; compressed by 
means discussed in ; a subsequent , section.: As an . example, a conventional 
s P rea . d . , of. electrodes involves ,12- electrode terminals ^ attached 1 to : the.= body 
for ,a full spread of EKG signals. ; In . effect, there is a base electrode for 
35. reference and, v l 1,. different electrodes ^connected elsewhere on the patient. 
The electrodes are .connected at . specific locations. -■<• The data can^contain 
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systematic errors osuch-^a-s drift and base line shifts. ' The data, however, 
when dynamically presented ' on a cathode ray tube' "(CRT) or strip paper 
> chart recorder, before the cardiologist, is visually corrected for systematic 
error * by the cardiologist^ based on experience. For instance, there are 
5 direct current (DC) offset errobs that 1 r arise ftom le^d connections. In a 
qualitative sense, the cardiologist can simply ignore that drift. The base 
line for a given signal will T wander 1 or drift. This; is especially true during 
physical exertion by ttoei patient. Some of these systematic errors' derive 
from* perspiration, i; movement, respiration, changes 1 in skin condition, 
10 ; changes in internal ^electrblyte concentration, and the like: The EKG signal 
again can be corrected i visually by the cardiologist in attehdance simply by 
looking at that and knowing' f the-iekercise' state!/' However,' the intelligence 
to make this; kind of transference :{ is :] riot so easily implemented unless the 
^cardiologist is, visually I 'Observing Uie p>atieiitv r • ' ;ir 

15 t \ There, is -another y?pect thal^it^ 

: of EKG data • signals; T The* positi'o'il 1 of tlie heart ^ within the body will impact 
the EKG ; measurements. This Changes tWe 'response time lag between 
electrodes. ? In ; a real sense* it is fictional to represent the heart ' centered in 
.the ibody. There are 'positional and displacement changes which occur from 
20. .patient to patient -and which ' can -even occur in the same patient over time. 
. The patient may gain or lbse- ? wei ! ght: The ; patient's posture and 'muscular 
strength may ^change, r ^Thefi, ^frbm : 6rie patient to another, the heart will be 
, r relatively displaced. The^^di^plaeerheni*' included a : radial component/ i.e., 
from the heart .at; the -pfe^uriied^lce^ the -'body radially outwardly to 

25 the:, location" of> ( the t body 0 of 'the patient 

: , , around the^thoracic f cavity. : Allo:of these* Va&atioti^ impaEci ' data readfing/ All 
these factors not only impactKthe^^ 

twelve electrode spread,: but o they f nalso i impact ' in ways that the cardiologist 
can, accommodates when visually ^ey eiiigthe' ,; patient ^ but which cannot be 
30 easily <:!dealt withn without substantial fOrfekitowledgeJ :: ; : 

v Qne ) aspecthcof the - displacement* problem : ^hoiild f 'be noted;' : :, From 
■ patient to - patient, *the heart as ia -signal source relatively rotates. From one 
extreme ; to. the left ? or: (right in one patient to another, this rotatioft can be 
^ perhaps 40° or even 50°; : Rotation left and 1 right is possible "between 
35, } patients, r Also, athe heart can rotate upwardly or downwardly to present a 
, different aspect.;; i Viewing the heart "» as a signal ^source;, the heart functions 



-13- 



WO 99/55227 . PCT/US99/02550 

as a finite vector source in space. In general terms, this results from the 
r f ^ c 5 . . f 1 ?^.-. tl ^.,i; n P ut signaj ; to . the heart y starts, the heart beat as a muscle 
contraction which ripples over the surface, of the beating heart. , While it 
has a finite beginning point at an initial, instant, the flexure of the heart 
during contraction ripples outwardly 'from ; that location, radiating over 
time in circular fashion. Distortions of the radiated ripple, result from prior 
damage to the muscle. Suffice it to "say >( this , kind of ripple effect on the 
surface of the heart (assumed to be spherical ; for easy discussion) results in 
a rotative shift of the heart from : patient to patient. Again, the cardiologist 
examining the patient personally and observing the strip chart recording 
in person can make the . mental, adj^stments c or .''normalizations" necessary 
to. read the set of signal^race^s ( descrjbii*g ..tjie patient's heart functions. 
While «a?%.!_ d r °,9e . in _ person, ;> iyjs not sp easily done in practice absent the 
hands on. , reliatip.nship,, . lietw.een. the .car.diologist. ;i and.. patient. 

T he r ,P resen ^ enables a large 

amount of cardiovascular data . ^to^ be. gathered,. , and yet . which also 
compresses that data , and redtj^'the data .flow, .rate - to that permitted by 
conventional telephone lines, , Le., r a t pass band . of about 4 KHz. Data 
compression and redundancy removal, are important aspects of , this, feature 
of the invention. This involves tht? selection of desired signals which are 
different from patient to, patient^. Klore will be noted concerning that 
hereinafter. The present invention additionally enables monitoring of an 
important variable which is the /; p,x,ygen content ,;in> ;the : blood. The heart 
and lungs cooperate to refresh the oxygen level in the blood stream. This 
v!./ A!$lLf 'Sf^fiSfP* * e ncMJ being. f of v _a recovering, heart patient. 

: .«,, T ^ £$J S $& W^ n si? ^umrn^ized a$.,. a i ,.teleme^y,:. system which 
enables, a ; patien.^ to roam ;-) far, ..jjnjd v^ide, and .yet. to ..be continuously 
monitored ; at, a remote r statipn. (;; TJie.. monitoring; system ..utilizes", a multiple 
lead EKG spread, preferably 12.,:t^er : minals, ; .on -the patient. i; The output 
signals are provided .to a. signal conditioner and/,, then to 3 a t ,mu,kiplexer. The 
multiplexer .is connected with .an .analog to f . .digital.. converter, . Preferably, 
the signals are digitally, .handled t to Reduce bias in Jthe ;v; signaJsJ. -to. adjust the 
base lines of the signals, and then to .perform.' a . decomposition on the 
signals. The. three foregoing steps . are helpful, to reduce signal bias as a 
reS " 1 ; °/; skin c ^ a ,ng es » change in... base line/, base, line : drift and -the. like. The 
decomposition step is invq.lyed. in.. ^mathematically rotating ; the, -measured 



-14- 



WO 99/55227 PCT/US99/02550 

data to fake into* account differences in heart position within the chest 
cavity. The signal is 1 compressed, modulated and then transmitted. The 
' patient also optionally' carries a receiver with an alarm. The receiver is 
connected to a system*"' adjustment circuit. That' provides a number of 
5 override signals. At a' remote 1 station^ the Equipment includes a receiver, 
demodulator, decompressor and then inputs the signal to a neural network. 
The neural network processes the measured data and presents the 
processed data to a data recorder. Ah alarm device is "connected to offer it 
on a screen of a CRT. This' Enables ' human intervention. The human 

10 intervention can then operate la transmitter to signal an ambulance or 
hospital in the event J of : aii' ob^efved, critical abnormality of ihe measured 
or processed data. An "ialkrhi c^h 6e° sent' back to the patient. The remote 
equipment utilizes a 1 ' Receiver/ demodulatof, L decompressor and neural 
network Which is " in grot ''with : detected "presets, patient " data ... and learning 

15 data so that 1 the rr Mieasured J card be dynamically 

processed. ; This Enables cardiologist ort duty at a central location to 
handle literally hundreds of thousands of patients, and to intercept data 
from each and every ! one of them, arid to make a 'quick diagnosis based on 
their actual 'history arid present heeds. 'It also enables transmitting a 

20 signal for instance to : a hospitkl' or ambulance to alert for an incoming 
1 situation and to also transmit^ sighal to the patient; 

BRIEF' DESCRIPTION OFTtiE DRAWINGS ' v "' u ' 

25 So^ that the 1 manner ' in whtehr the * above recited features, advantages 

and objects of 'the 1 present ^ s iriVenti ? 6h 'are'* ; atfM*n^ be understood in 

detail, a more particular description 1 of *the iriveritibri, briefly summarized 
above, may be had by rfeifererite 1 to thte 'embodiments * thereof" which are 
illustrated in the' ^appended drawings. 1 - i : .u-.... 

30 : ! It 1 ' is f to ber noted, hbW6ver, ; that thfe appended drawings "illustrate 

only typicW J embodiments of ' this "invention arid are "therefore ' not to be 
considefe;d r limiting' of its scope, : for the invention may' admit to other 
equally effective embodiments. 

The single drawing ifc a schematic block diagram showing the 

35 equipment used for remote e medical intervention to administer care 
'dynamically ib a remotely located patient including heart pacing and 
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defibrillation as required. .... 

. Pig-,.. 1 « .an ^functional Representation. ..the?; geometric location of the 
heart within a body, with respect to a. reference, location; 

Fig. 2 is ; a vectoral representation : of, the- location of the ^hearf within 
the body in Cartesian coordinates; . . . _ 

Fig. 3 shows a block -diagram schematic of an- improved method of 
treatment of heart patients:, . ,,, ; ' 

Fig. 4 is a schematic block diagram of apparatus . and methods of the 
present monitoring system; 

Fig. 5 is^a conceptual, overview; of the major- components; ; 
, * ^.-i, 6 , *?. \ sch^m^tdc^^bJoclc! djagram showing., the..- equipment used for 
remote medical intervention, to administer,, caje., dynamically to a remotely 
located patient includ^ ( ,and, defibrillation; as. : .required; and 

Fig,, 7 illustrates historical, and.; current; EKQ ; , signals! from a patient 
displayed pn .two. CRJ ; r mbnitors i - i ,Jocated. v ,a.t a oFempte ^monitoring and 
treatment facility. , ... , . 



DETAILED DESCRIPTION. OF THE t PREFERRED ]EM 

The present disclosure ; ., is directed r ; to a health monitoring system 
having special application^ to cardja.c. patients, , :r It .should.- be ; , understood that 
the system can be modified .to t monitor . patients . -suffering , from other 
symptoms, or diseases . such, , as diabetes,:, high, blo^d pressure, hypertension, 
pregnancy, epilepsy and . the ; . like, \,Seyond . that ?; , it - also. , is a monitoring 
.systp able tO ; watch oyer, an d ; alarm or ; alert = rapid medical intervention 
should the need arise and get help for., the patient. 

To set up part of the probjem - involved, jn, this < type . monitoring, 
attention is. . directed . to. Fig. 1. ^of q the drawings where ; ; , a geometric 
representation, of , a body pf ; a patient iV illustrated.,-; This representation is 
tutorial. . The patient Rs represented in. - symbolic form , at .10. .-The trunk of 
the body is illustrated at 1J . as comprising an .elongate- cylindrical member. 
This is idealized, for tutorial purposes. , The number ,12- identifies, several 
electrodes which, are attached around,; .the trunk 11 of the body -1.0,. : .Some 
of the electrodes .12 are placed on ..extremities including, arms : or :. legs as 
desired. The , several electrodes . 12 ..shown in Fig.. :1. help, make , clear the 
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manner and mode in which signals are detected. 'The 'trunk 11 of the body 
10, having the form of an idealized right cylinder, mounts the electrodes 
: 12 at spaced ; distances from a heart H in the interior 'of the body 10. 
Again, for purposes of geometric positioning, the heart is" represented as a 
5 right cylinder 22. In actuality, it 1 is not at ail shaped like a cylinder, but it 
is more of a round sphere about the size' of a Softball, it is however easier 
to represent certain of the problerhs " that arise with the . heart position in 
the trunk of the patient's body utilizing the right cylinder 22 at H. The 
numeral 1 3 identifies a selected' location on the 'heart at which a signal 

10 triggering a heart beat is initially observed. The signal is located at a 
specific point on the heart. It propagates ! outwardly in a radius of 
curvature represented at 1 4 in ' fflg; ' 1; } The radius of' curvature grows until 

■■' *he signal propagates^ ovdr the stirfadfe of i Tx substantial ^ of the heart. 

In one sense, the hdaF^ s^Vves u as 'W signal' g^hefator 'which "forms a signal at 

;15 a specified -sequencer : ' THe : ^igh^'cylihddr " 22' representing the heart H is 
projected do win -onto l a circular pro The corresponding projection of 

the point 13 is on the forward point of that circle at a forward location. 
Assume for purposes of arbitrary description that this projected point, 
identified by the number 13", is precisely centerline of the chest of the 

20 patient 1 and- is pointed dif^ctfy forward. In that sense, the point 13" is 
located at 'that location which will : bfe described as " the zero reference point. 
This dimensional 1 - description - i; is'-* only' a portion of the descriptive data 
locating the ' 1 heart. ; Nlore ; Sviil"' be °ad<Jed 'later. The heart H can be 
mislocated so ' that the proj^ctidrr ~d'f l 'the r "point ' 1 3 * is located at" f 3'V The 

25 included angle' 23 ' between 1 J 3^ arid 13'* ' can" be ~ ^s .mutH^as 40 6 or sol In 
other : word's ^13' can : be ' Offset W n iAuirH'"W^26° li to ' the right or left; from 
patient to patient. This describes r; a tbtkl* included angle of about 40°. Even 
50° has-been noted in some situations'^ ; 

Fig. 1 further includes a projection td the side of the heart along the 

30 arcuate ? line 16; * Here it will- be tiot&'d that the sfide profile of the heart can 
show, " and does L shbw; that' it -may be "canted ' with rotation 'to the right or 
} ' left. The " included^ angle 17 ; 'can also range W miich as several degrees 
above* or beldw the horizon which is drawn through the heart as a 
reference: - The total variation of the' 'angle 17 IS upwards of 'about 40^ As 

35 .will be 'understood, the 'actuatl lbcatibn bf the heart with fe^spect to both of 
these 'measurements can" be 'expressed in the stifri' of the two 1 angular 
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measurements , .17. and 23. which represent, the, resolved orthogonal 
variation. ; . The departure from , the reference points- can aggregate as much 
as 40° : or 50°. . In other words, the heart :may ,b e , rotated, to the right or left 
(clockwise, or punter clockwise) and tiltqd.up. ; or down. . 
5 ,. . Fig - l/ how ? : the heart H represented by. the right cylinder 22 on the 
centerline axis of the thoracic cavity . of the body ,10. It is assumed to be 
located on the centerline axis, , ; There, is a lateral distance to the wall of the 
body 10 indicated at 18. .This distance should nearly be the- same to the 
left or right of ; the. heart H, and the,distance ,to , the front; and back should 
10 be substantially jhe same, for both. a ..; : | n . actual r. circumstances, • if is hot 
always the case. . Thus, : the heart i; is , subjected L to, angular displacements 
measured^ by ; the angles ,17. and, : 22, - and .to .lateral displacement measured 

by the dimepsion . 18, ( . Bothc are i: .,eguaILy ; problematic in data collection and 
interpretation.: 

15 ; The heart in the patient, shown in' Fig. 4 is,;subject to another source 
of error. The thoracic cavity defires ;r the- location ri of the several electrodes 
12 attached. The electrodes^ 12. are placed, on the skin; /not > under the skin. 
; The idealised, thoracic cavity ; has , a ,radi.us i; . represented ; at 2G, this' being a 
solid line, In reality, the .actual , radius, -may be given at 21 where *js either 
20 greater or less than 20. . Again this will vary. Trom .patient to. patient, and 
. over time : will -vary with one patiem, ; , : :The, patient.,may grow larger, gain 
r . , , weight or . , eventually . Ipse weight. Ul The, shape; may ,be,: distorted by ' other 
conditions such as the ^mulanye wear, .of .bad, posture,: cor other , skeletal 
r / distortions v There is. alway5.,^,,chaiige i .; 5 i.n...the-: fS.hape-for,' .women patients 
i, durin ^c,P r ^P^py-., The ;J diaphragm., wil} : typically ^ove and reposition the 
. ; hea ^. ^hd^other .component^- ip the y ,thoracic>cavity. . Thus, the thoracic 
cayity . diameter... idealized at- v 20 , may., change- significantly. At. least, the 
diameter varies from patient to . patient, : . v j ... . ,. ., \. 

, : The foregoing sets ;out u a f number of ! i geometric ihducedv systematic 
problems that , are encountered in reading EKG data. When, ether cardiologist 
is, present and able , to read the, data) in. : a. strip chart , recorder or:. 'On a CRT 
monitor while, looking , at : the . patient, and comparative readings are made 
from trace , to trace, the . medical specialist -trained in . .reading ahat sort of 
data can make, on . the spot,, mental,, adjustments which rtake out problems 
resultant, from distortions ,pf this sort. ,. .If nothing . else, the specialist has 
the option of repositioning a few, or perhaps -several, of the electrodes to 
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get a dynamically * ^corrected ; data. As will be understood, this can be done 
in a number of ways'. : The present invention, hoWever^ 'digitally processes 
...the -data so tha^t the artifacts "resulting frorh geometric variations in heart 
placement, angle of pres&niatlbh a"hd thickness of the body are removed 
5 and the heart is' moved Mathematically to an idealized, or "reference" 
location. More will be said about this below: 

i . Fig. 2 is a vectorial representation ' of tlie L neart with respect to a 
"standard" or "referende" ' position 'as discussed previously in the geometric 
tutorial. The ^position 200 of the - hfeart' is represented by a vector 202 with 

10 its. origin at a reference' -po'sition fl 2'0*4. Th:is : 'is useful in representing the 
heart beat, or signal source; Recalling' the discussion of Fig. 1, The vector 
202 is the sum of - horizontal and 5 vertical rotations, 1 arid horizontal 
displacement. More E spefcifically^ ,; fe(ngle 223 "' represents the Vdtation of the 
heart in the horizontal (x-y) plane (see angle 23 in Fig. 1). Angle 217 

15 represents .the rotation 6f the Heafr i'ir - the vertical (2) difecubri (see angle 
17 in : Fig* 1); i. Thei?disjplatemetit :: 2l8^ ^ Tepfesents the^ lateral displacement of 
y the heart in theahoradic 'cavity (see' 'dimension 18 4n Fig. 1). The position 
200 of the heart is, J therefore, 1 ' defined in ; three dimehsionail space by the 
vector 202 : with its origin at ! the reference ; point 204" j 

20 * Fig. 3 shows a block diagr^W ; schematic of an improved method of 

treatment for < heart patient^ ha vi-ftg-' r a- wide rafige of difficulties. Two 
different problems are dealt with' in Fig!" 3. The first involves the Sudden 
onset ' of heart 'difficulties, typically ; chest ' pain and ultirhately involving a 
heart , attack -otherwise - knO infarctibfi (Ml).'' The MI 

25 occurs tat 25. "Typically, -the ^atifen^U^^ifioved J By ambiiiaftce to a medical 
facility. /This is step 26v : At L the vr m 

placed in a , coronary care-unit (G<3Uj : : wliere "thd pdtienf is' kept on hard 
wired or FM telemetry connected- -i&ads. ' Thls J step' 27 lasts a few clays or 
until the patient* is stabilized. ^ !rr Suitable " heart nibiiito? ! medications are 

30 administered along with blood thinners and the like!' 5 After a few days, the 
patient will * be discharged 'frdm' the CGllJ id a Pegular room and : then to 
. *: home caXi&i, In the interval When the' 'patient 1 is in' CCU and' sometimes when 
the ; patient -is in a convention robm but prior ' to discharge;' they will be 
watched from the nursing sfitiotf through FM telemetry but they will 

35 ultimately be disconnected from that arid sent home. 1 1 The next step 28 
represents that recovery step "'where the prescription 'friay include 
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medication, but. it also at least includes , seme, : .rest, and recovery. After a 
short interval, the, patient will .then , be requested to report to .= an . exercise 
room or other facility at the medical or, other. '-'facility.!. .Here, the, patient will 
be put on a controlled exercise, program beginning, with very low levels of 
physical activity. .The patient is '. monitored ^during : this. The step. 29 shows 
that monitoring continues throughout ,.the exercise session. If the, exercise 
session lasts 20 minutes to .start, the cool : down session may, last another 
'30 minutes so that the patient , is observed ^visually and typically by. some 
form of telemetry. Vital, signs may be... taken , before; during and after the 
exercise session. This session wilL.be repeated .several times, a week, for 
instance four or five timers per ..week.,.,. Whjl.e • beginning.: -very -gently; the 
exercise level will, be ; raised ; and the ^performances required of the. patient 
will be raised: This performance continues on -as , the patient continues to 
exercise with ( . both. ^Misual^ and', telemetry, -mpnkpring schemes. 
, . Finally, the patient. i$ .__.gradu.ated-, to-, - a resnpte exercise., routine. . The 
step 30 f shows ; the remote exercise, sequence, which , is added. ■ .For; instance, 
the patient may be discharged with , instructions -to walk two miles : per day 

for. five days per week in an interval; .of 30 minutes , each time The patient 

will be instructed to walk ., on , level . .ground, . Having , done the equal: to that 
in the r exercise facility and especially connected . with a monitor set. forth in 
this disclosure, the patient ,wi ; ll, ( then,; have the confidence that they are not 
doing,, .anything, excessive-, or ; ? foolish, : .risk, n a ..relapse, jMorepver, : the patient 
can then go forward. wkh v this,, remote, exercise. ,.,rou tine. ; 30,, away ; from the 
wa k h W e X e of , $Z-:WeM<t& J?eijs.on_neb ; The.. present invention, however, 
proposes : to rflodify f . the , s^ep ,.30. ,-Not -.only- is the i exercise' carried, -out in a 
remote ..fashion, such as .walking two -mile*? per day,, the: -patient can dp this 
while equipped, with the apparatus . of this invention which will be 
.discussed.- in detail with. regard to, Rg,.4- r , Now, . the .patient is therefore able 
to .be. remote from , the medical , facility, and exercise,/ where it is most 
convenient . to ; the. patient- : During, this,, stage- of- the. .patient^: recovery, they 
realize , that .repeated trips to ; the medical .^exercise -facility irs a heavy 
burden.* They would rather exercise outdoors : or in familiar -neighborhoods. 
For a multitude of .goods reasons, patient, recovery .seems to .-. be ; better in a 
r?lore no . r ^ 1 setting, away from, the exercise,. facility... Perhaps the patient 
is encouraged by .returning to, normal circumstances^ of. ;life. If '-nothing, else;' 
the patient , is not faced, with ■ making .the trip to; attend to-: the exercise 
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session. Also,' it is also u 'important that the patient' go about the remote 
exercise routine ; repetitively Vtb build up their confidence in their body and 
( to: ! rebuild the assurance -that 5 'they ' are hot subject to a' momentary relapse. 

Again referring tcr'Fig^ 3/ the procedure of the present disclosure 
5 includes.- the 1 step- 1 31 wliicK involves patient roaming subject to the 
monitor. Here, the patient cati go about a variety 6f duties. The 
geographic area for the * foaming at step 31 is the area where the patient 
normally travels -both for- home activities 1 dnd work activities." It includes 
stores 1 -and = other businesses such ; &s die post office. It can^ include trips to 

10 see friends and family. - The roaming l is v: carried out in the immediate 
vicinity so that the patierit-' knows" thkt, ' if a(n ; iinex J pected pain occurs, they 
can quickly return to the ^hd^pitiar^r other health facility where they first 
received care. This time, "hbweveir, they ^likely Will be able to readmit 
themselves without an M aitibiilancfe ^tfiBe ' bicauke' " the^' wilF be more "alert 

15 . provided they haVe stayed with' tfte Hi e*ercise routine: ' The 'step 32 shows 
;the patient ! going < fcbbut ''ac'tiVi'tifes^- which °are normal" for that' particular 
patient at that stage ih -life; " They 1 can do outside activities around the 
house and carry on normal activities with 1 a minimum : of intrusion as a 
result of the monitoring ; of the present invention. These 'steps, however, 

20 are deemed to be normal 1 activities *eXcept 'that 1, they are carried out' subject 
to monitoring: Details 1 of that will bfe 1 given below: r ^ 

In. some ! instances,: this 'procedure' is implemented" from' other medical 
- contacts 1 : . While- the J patient" niay |f tt6t bfe r, kruck down 'suddenly with MI 
hence requiring a ride^Uo - the hospital ' hi 1 an ambulance, the patient A may 

25 nevertheless, detect over 1 a peri6d°of''U ! me 4hat : some thing ik not quite going 
right. Fig. 3 shows an- alternate * L step at ; ' 33r' where kgihg ' dr : 6ther ' gradual 
onset symptoms 5 manifest, th^reby r: prompting the 1 patieiit " to seek the 
assistance of a cardiologist' or otlier ' 'health ^^^c The symptom 

may be ^angina (pain) or sensation of : "ah irregtil^r heart beat. A 

30 cardiovascular r diagnosis is made at"s ! tep : 34/ This 'oWen Will 1 ' be { done in the 
office or perhaps in a. nursing- home where' the patiferit J has continued to 
live,/? living well ^beyond 1 the' retirement -age l ahd up- : into the' VO's 'W' 80's 
years:xof r age.< If the patient does not have the sudden MI indicated at 25, 
the patient then can undertake 7 s6me treatment at step 35 under contfbl of 

35 the • treating physician after - the f 'appropriate cardiovascular diagnosis" and 
this treatment ' is 'undertaken typically - with drug arid diet care: After 1 that 
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has been established, as. a solid regimen for,.,, the patient, : the patient will 
then be. instructed to undertake, , the appropriate rest and recovery step 28 
previously described., Thereafter; the patient; may . be instructed : ,in the 
same sequence pf steps, 29 through; 32:.. previously . described. ;As will be 
understood, a person can enter, .either sequence depending on ; the condition 
of their health. The last three steps of, .pig. 3 are discussed below, 

Attention is now directed to Fig. 4 which sets out the apparatus of 
the present disclosure. Major elements pf the apparatus consists of an 
patient portable system and .a central . coronary response, system. These 
elements enable the steps shown in Fig. 3 to be carried out. 

PATIENT PORTABLE SYSTEM, 1 . . , . ,, 

; The equipment w : orn. on , the ? person is on -the left; side- of Fig. 4. and is 
indicated general^ by. jhe -mimeral^ 40.. x This,, .equipment can be. worn as a 
portable device. It is i; not. : yery : . jarge. and can be>:worn at . or .on the person. 
It has, a size enabling the deyice,..tp,. be slipped into a pocket and hidden 
safely out. of the way ;i or attached, elsewhere on- the bodyv : ; ■ 

In Fig. 4, the patient mounted monitor system 40 . incorporates a set 
of EKG electrode terminals 42.. In, the preferred < form, : . twelve , electrodes 
are installed, , although that . number, ,may : be reduced later .as will be 
defined. Twejve electrodes are , used; , to collect a : full set ;of cardiovascular 
related ^signals. ; The, signals .are,. output,. frorn^thef twelve^ EKG terminals. The 
twelve electrodes are connected to; individual. .-.signal., conditioning .circuits 
44,. These provide, an . appropri^^.imp^dancer.mateh, and. input . the signals 
fpi subsequent processing. Some , and preferably all of r the , twelve leads are 
connected^ through a mUjltiplexer,.^.;^^ .The multiplexer has an input 
provided through .. a set ; ,of ,switches:..,48 i . so. that different leads, are switched 
on , and: off. More will r . be. .noted; regarding , ;th at, below.. . ..The-- patient can 
provide additional , .data,.- and one such-.data, is.ahe measure , of oxygen in the 
blood. , An e,ar canal.,Q2 plug 50 ..is mounted on the patientHitOv.de.tect the 
amount , of oxygen in the blood... Ear canal detectors respond ..to ;; a ^change in 
blood color and thereby provide an .indication of the : , quantity. o,f^, oxygen. 
Explaining briefly, the oxygen concentration in :the, rblood is •.. defined as 
' P 0% f? r the . maximum... yalue, with additional . bands : , defined above --, 60, 70, 
80 and 90%. In general terms, a healthy .robust . active patient r will have a 
measure of oxygen .of - 90% or greater.,,, A..patient -in the, range of : .60; to 70% 
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defines the fourth -bantl: ? * Measures below thiS" "band are generally 
associated with death. - Effectively, this defines four bands. The topmost 
can be represented easily 1 by a two bit binary signal such as 00. The next 
band which is -in -the rarige r -of 80 ^ : to 90% can be represented as 01, and 
5 other bands are ; 'added to 1 "that definition. This provides relatively easily 
measured ~ data which is important to the health and Well being of the 
patient. ■ ■ ' 

< Continuing with Fig. l 4, 'as noted the EKG terminals normally provide 
twelve data J pads and they are ' connected r to the switches 48. A switch 

10 selector 52 is included with the patient to enable of disable selected ones 
of these electrodes. More will be noted regarding the number of electrodes 
involved in a sequence of operation. Assume for ' the moment however 
that all twelve signal jikds 1 are -opefr; from ; the ! signal tdricfitioner 44 to the 
multiplexer 46 The ■ tfVultipiexef • '46 iir proVide§ i aii'' ou'tpiit to an analog to 

15 digital converter ^(ADG) 1 54? ■ - : The :V ADC 1 chaftgesr' the aiialog signals into 
sampled digital words. lx THe' 1 'sariiplihg rate F; interleaving is controlled so that 
the data output is sufficient 1, while avbidirig a high level of redundancy. 
Consider as an example bxygen level in the bloocl from • the sensor 50. 
Generally,> that data : chariges slowly (except it is more dynamic in some 

20 emergency -events) 'and is measured 'periodically: The measured value is 
input through the 1 multiplexer and :i then is cbhverted into a digitail word. 
There are four measured valrifcis^ permrtted ! in" the example jtrst given. That 
• f binary ' data r is relatively feasiiy* Handled knd d r 6es not heed the ADC 
processing s that iis required J fdr^ A bias correction 

25- circuit 56 is included. TWery the'' risk of meastifeirient ; DiaT'"'is_' 'discussed 
previously. ' Signal^ J are defined %etWeeii f tw6 r t>f the' ^^ctfbdAif/ i^'iiefe is 
always the r risk of a deviation or drift dependent oh the' nature of the skin. 
Skin conditions vary significantly. " It is' 'desirable that all the signals have 
about the same scale 'factor^ l3ut f: this is sBinetimfes ' soriiewhat difficult 

30 because- the r skin Cm the same person can 1 be quite different. ' Offset efrors 
are substantial 'far those : terminals ' 12 affixed to 1 * thfe Chest cavity. ' "These 
biases can ^ sometime : be M £liminiated, at 1 least 'initially, at the time ' the 
electrodes are installed. Iri : ^effect, a signal from ohe of the lead's is 
observed over a ! time : interval ; much longer than' the jl period ( of the variable 

35 being 1 measured. This yifelds a ^"moving 1 ' 1 average of the typically periodic 
variable being j measured. A slowly varying"- change in "the average is 
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indicative of a bias . change. This ; ".average" measurement is then 
subtracted from ( the measure of the. periodic .signal .to ; reduce bias effects. 
The bias can arise as mentioned .. from a. variety v of. ; skin i conditions. ..Skin can 
vary depending on the locatioji of the . skjn ( on , the body (the. skin is much 
tougher, in the palm compared; to the earhp.be). The skin can vary with 
dermatology of the patient, and can , vary dependent on race, and exposure 
to outdoor climate. There are, many other factor? which impact the skin 
including the propensity of the patient to sweat, electrolytes of the patient 
and many other factors. Suffice it .tp say, DC . offset as a result of skin 
contact at the terminals has to be dealt with. . While that can be. done 
readily with visual observation, if , is ; somewhat . more difficult to do -by a 
health care professional^ dealing - :1 with transniitted data. The, ami- bias 
circuity 56 essentially . ; n cpr^e^ts;: :;j the transmitted .data for slowly varying 
bias changes after electrode in stall ati on on the r 'patient,. 

. The electrodes are subject .to errors, in , addition tp :!; the DC offset just, 
mentioned. The base line value ; will wander or drift. . Such fluctuations are 
typically relatively slowly varying.in time, arid ar £ p induced by changes in 
patient perspiration, patient, movement,, and ^respiratipn....-, Base line, drift can 
produce misleading ST displacement jn . the. ^KG. ST distortion., can lead to 
false diagnosis of ischemia. .. . This...must be '. removed. It. is desirable to 
accomplish this in .a .digital fashion. . so. that T a ^. digital, filter can remove the 
base line drift. The , target for this is,, .to. implement a filter .which has a 
magnitude response, which is. .flat in the pass , band, and . : w,hich possesses a 
sharp drop off on. the flanks .of : .the.. pass ,band to. maximize suppression of 
typically slowly varying base. .Jjne drift, j\yjdi ; reduced, .or np;. displacement of 
. the . ST segment "as. a r re s sul.t;, of v ^r : ift, ]; . A. relatively.. low~ frequency source of 
baseline drift,. i.e., Q.4 .H^, can Jr be .removed, for ; base :; line -integrity. .The base 
line drift according to the described filter is successfully removed. This is 
accomplished in the, circuit 58 shown in Fig 4 

Recalling Fig. 1 which show.s. the position , of .. the heart. in ? , the chest 
cavity, it is subject to- variation . in position. ~ T^ere is a. ? . horizontal angular 
disorientation in ..one ■ dimension, tilt r or . rotation ,. in another . .dimension as 
represented by. the. curvature .1,6, and ... lateral . offset/ represented ... by the 
£}$ tan< i£; 18 The .orientation is illustrated,; vectorially. in Fig. 2 in 
Cartesian coordinates. ,, As also noted, the chest .dimensions- can yarry,,.at 20. . 
Heart position within the . chest . cavity , of varying dimensions, as, described 
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with these four variables 7 can impact the EKG signal measurements and 
produce error in interpretation. It is desirable to decompose the EKG 
signal into orthogonal boiripohents in the time domain rather than rely on 
corrections based the spatial orientation of the current source on the heart, 
5' which are difficult 1 to determine. Recall that the periodic EKG signal of 
interest begins* at a point 13 and propagates outwardly. Unprocessed data 
measured by each electrode 'will, therefore, exhibit maxima and minima in 
the time domain. The occurrence in time of a "peak" representing a cardiac 
function as measured by one electrode will typically be displaced, in time, 

10 from peaks representing the saine cardiac function as measured by other 
electrodes. This displacement will be a function of electrode placements, 
and the orientation of the heart. : If electrodes are placed in "standard" 
v locations of the patients 1 , then signal 1 displacements in the time domain for 
a "standard" heart orientation ' will' 'be f known. Any observed perturbations 

15 in displacements' -are-," 'therefore, attributable to f 'rion standard" heart 
• ' orientation. r These perturbations are quantified arid use to correct each 
electrode signal for orientation perturbation^/ The change from the spatial 
domain (as illustrated' in Figs/ 1 ahct 2) to the time domain in orthogonal 
coordinates adjusts the signal wave form measured by each electrode to 

20 present the data in a different aspect. This processing, in effect, rotates 
the heart to a ■ desired centerline "standard" position' at a fixed distance. 
This brings the EKG data to a' coriimbn source and thereby fixes the criteria 
for measurernentV observation, arid" interpretation. This decomposition step 
at 60 ' treats all the ; diik 'frofn the ; miulti^le electrode leads as a group and 

25 normalizes < the data td ' a standard" 'g^ "non- 
mathematical terms/ the heart as" observed^ by 'the twelve leads is rotated 
to that the ! signals are orthogonal, and hot" subject " td position distortion as 
previously - described/ " : ' ' 1 s ' " ?f "' lJ ' 

The decomposed signal ;: frorn the circuit 60 is 1 sent to a data 

30 compre 1 ssor' :>: 6i. ^ Redundancy is 1 fe'duced by tlie circuit passing only 
significant changes in the measured wave fo'rtn data ' rather than the entire 
'■■ wave form/ "or by simply rediicihg the number of transmitted wave forms 
as will be discussed in a subsequent section; The signal is then provided to 
a modulator -64 and that is output to a transmitter 66/ The transmitter 66 

35 sends ; a meaningful signal elsewhere. Significant benefits ' are noted with 
this transmission : "elsewhere 1 as will be explained. 
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CENTRAL CORONARY RESPONSE SYSTEM 

Again .referring to ^ig. 4, the numeral;; 7Q identifies a •; central response 
system located . away ! from, : th.e patien.^. who .,wear.s the apparatus.. 40. .The 
central response system 70 is^ ^located .at a .medical institution -which,-, for 
instance, has a full time cardiologist on duty day . and night. It could be 
located in a large metropolitan , area so that it can . provide .monitoring 
services to any number of ; patients. Presumably, things ,- will . go smoothly 
for any particular patient,, on any. particular day;-;, nevertheless, with 
hundreds or perhaps thousands o( ; . patients undergoing monitoring, - the 
emergency attendants at the^ .central facility are on duty. Cardiologists 
tremendously , assisr in ..providing medical, . intervention. Just as 
importantly, the system. 7Q, _ js., ; a ^evice which/ will. ? b,e , described with 
"unmanned" operation >vhic.h ^on^nuss to.. mpnitor the,. patient . wearing the 
equipment 40. In thi s aspect, .it works day and. night ; and will : not, be 
interrupted should trained personnel not, be .physically present; The 
.equipment 70 includes the. receiver 72 which , is tuned rto- the frequency of 
the transmitter 66, . This t transmitted./signal ; at , the receiver 7.2 is one of 
many. The segregation . of individual, .tra.nsmi.tter;. .. signal? ; wjll be discussed 
below. The receiver 72 ; putp^ts., : th^ 0 .r.ec^ived signal to. a. demodulator 74 
which then provides, the . signal to a decompressor 76 :j So to speak, . these 
recover the signal , and . restore jt to a .condition ^which represents the output 
;9 f tn e twelve ; lead ^ terrnin^als^ placed jon -.tjie body, of the : patient.. : ? It is, 
.^°, wever ' modifj^d ; in-= several ^important, aspects , which should/ now be 
^pted E . , The . trapsmi tt^d an4. : . ) re t c < ove5e.d EKG signal .at the/receiver x had ;< been 
gifted. , The shift takes ; Jnto accpunt. variations - in^ position for the patient 
a , s ,presen ted in the .discussipri of ;j the., decomposition system 60, :and with 
regard jo.. Figs. .1 .and . 2. ', Tijt v and rptation of the heart with respect to the 
chest cavity is reversed. ,.. Np^ only, that, the hqart spacing t Qj the side wall of 
the cavity is corrected. Further, the, signal from the ; large spread; of leads 
is ■ ^, du<?ed in terms . : °f . redundancy. ..with the. circuit . 62, : - Exrjlaining, there 
are . twelve leads in a typical spread, ; .of , electrodes . to conduct- ;S n -EKG ' test, 
ysu.ally, events occurring in the , heart are. periodically .^reproduced at 
several^ different electrodes. They may show different, aspects "of , the same 
event ;-. ! ?ut . the, t ;.different c: electrodes - provide, that signal.....from a, .different 
perspective and. therefore, . the data.. ; from : the twelve, leads ^ includes a 
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significant amount of redundancy. Once the patient has been placed under 
medical care, the nature of the ailment and the anticipated wave form 
indicative of 1 difficulties will be- predictive so that the number of leads can 
be reduced. While twelve ! electrodes f ar6 * required at an initial condition, 
5 / the number 'of active leads 'for monitoring 1 can often be reduced to a lesser 
number. Corisider for instance a patient who is subject to an irregular 
heart beat. That signal in the QST wave'fbrm is readily understood and 
recognized. With the history 6f the patient, the number of specific EKG 
leads can be ' jreducecl perhaps to four. This is' implemented in the patient 

10 mounted' equipment 40 : . Returning now to Fig. 4, the switches 48 are 
interposed between the* twelvW Etc6 terminals and the modulator 46. 
Several of the switches 48 Can "be' opened." A switch selected 52 is 
provided for that. * Assume for' the ^moment that' the patient is equipped 
with twelve leads. The ; Switch' selector' : 5£ 4s ! set tb open a selected number 

15 of these signalsvthereby interrupting ! those - sigiiais because they are not 
needed. In effect, redundancy is n reduced. ' The switches '48 are also 
subject to control of k system adjust circuit : 68. The circuit 68 is provided 
with a received signal from the receiver 78" ih : conjunction with an alarm 
80: { The systern adjust circuit is r; prdvided with digital word instructions 

20* which are decoded by it to chdnge the switches 48 to drop one or two of 
the terminals so that redundancy is '"reduced r and yet 'the crucial signal for 
the care of that particular patient is : nevertheless processed through the 
multiplexer. an'# other coniponents^ !; fb'r i trari : smission. 1 Thus, the twelve 
leads may be placed on the ^patrent 'at the time ' of discharge from a medical 

25 facility, 1 the switch selector 52'' is tfieri 'Operated to feduce the 1 twelve' to a 
steady' state operation' for itiaihteriafece 'w the signals provided, 

and then in the event of difficulties, 1 the System 'adjust circuit is 
operated to 'change the "status bf ; the switches 48' thereby" receiving (lata 
from ten of the EKG leads. Or, pethapis only three leads are -'sufficient' to 

30 send the weeded data for that patieiitl r . : 

. Again referring to Fig. : ' 4\' f the receiver 78' is } keyed* to receive an 
encoded message; The encoded message carried with it the identification 
of * the particular patient 40f : The patient wearing the equipment 1 40 J may 
have difficulties' without L even ^knowing that difficulties have arisen." For 

35 instance, an alarm condition may exist requiring' the 'patient to quickly go 
to a medical facility. The f ala:rm 80 is 1 'included for that purpose. Otherwise, 
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continuing adjustment of the operation of the equipment 40 can be 
provided. ; The., .switches' 4,8 can ,be toggled,, and the- operation of the 
multiplexer 46 can be changed also. In like, fashion, the bias removal 
circuit 56 and, jhe base line adjustment . .circuit 58 can be modified or 
altered. Other aspects of the, system including the decomposition circuit, 
data compressor and modulator can be. remotely controlled as desired. 

.... Going # back to .the central medical facility,, the decompressor 76 
provides, the recovered unique ; signals from the patient to a neural 
network 82. The neural network is r ,. provided.. -with a ...set of learning data 
from a data source 84. . The .particular patient wearing . the equipment is 
tested several times, typically .before the. equipment is installed and that is 
represented (i as patient history . which is input s at 86,- The neural network 
82 is provided with ; appropriate presets, 81 ^also ;< ;i The significant aspect of 
this is the, neural network ;; operation. Vj A. neural .^network' is defined ' as a 
system processing .device .typically, haying; the ..preferred form:. oft a software 
package which .processes data. ,.The, Reaching, .data ; is; input so- that the 
neural network learns and thereby peaches ther rightvor correct decisions. 
A neural network typically has ...a first set ,. of input terminals and a 
connected set . of output terminals^ . In between, there are one, two or three 
layers of decision making nodes. r; Xhe .number of .layers of ' nodes can be 
varied and. the precise number, of nodes, in each -layer can also' < be varied. 
A neural network is then provided ;; with,<.a iset-of learning data. -This is used 
. tp : te £ ch . th e. system. .As ; . m exampje,. l2 data from patients having a healthy 
EKQ signal , is input. . Of ; necessity, .,there will be a: range of :data^ which -still 
: ,;neverthele i ss. 4< represe ! pt. ; . , the . ,EKG ^signals, : of healthy:! . patients. , The '- neural 
. network .is also, .provided t) w.ith. . EKG^ signals; from, patients having difficulties. 
This, enables it to learn how . to recognizes the -medical problems. Mitral 
valve relapse, is an example, , That data, can be, input and. stored -so that the 
neural network, will recognize, .that P prj)blem when . it . repeatsviJ The neural 
network thus. : ; detec;s ; and classifies any -patient arrhythmia,^ Preferably, 
the neural, network .82 . is trained with a -data base; indicative 'of. several 
types of arrhythmia, which. is, furnished . by ..the American •< Heart -Association 
.(AHA). So to speak,, the : irregularities ...indicative of. [arrhythmia* for-:' a given 
input data . for one patient prompts -the -neural network . to recognize the 
error, (meaning • the .departure from normal) and to. propagate that to : the 
different. Je.yels^.of the .neural network., Typical classified 'disease' categories 
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include several- types of biventricular hypertrophy, many types of 
myocardial infarction arid other disturbances to heart rhythm and signal 
propagation . in the heart/ ■ " ' 

Through the use- ; of the -teaching 'data from the 'AHA, various types of 
heart irregularities signaled by "the departure from the : standard EKG 
profile .provide an alarm condition interpreted ^ by tfte neural network 82, 
Interestingly, the equipment at 70 of Fig: 4 responds to the neural network 
82 by forming an output signal oh- an alarm device 88. At' that time, the 
signal from 1 the particular patient pfomptihg the alarm condition is 
displayed on a cathode fay tube (CRT) 90 for skilled personnel observation. 
Here* the -cardiologist optionally i cah r: come ' ihto ? play by looking over the 
particular reconstructed EKG ^signal p¥6 f mptih ? g the alarm. The data are also 
input to a data recording 92/ " It J isf - stored ' ah to memory 

.86. storing the .patient :*d*tar where p R :] wi\$ ( became : a part of that patient's 
medical ^history. As- - part- of J the -systdm,' either" autdftiaticklly upon the 
sounding ; the alarm '88 , or upon r Specific approval by the intervening 
cardiologist, a transmitter is operated. A :; transmitter { 94 sends a signal back 
to the : receiver 78 on the patient. SeveHl things can be accomplished with 
this signal . dependent- on the instructions : input to the transmitter 94. The 
cardiologist - is provided with ato Werride' r keyboard 96 so that a particular 
transmitted signal ; can be provided directly' ° to J the cardiologist to the 
transmitter 94: r The keyboard 9& 1 : enable^ '"override signals to be : created. 
(These signals also are used to change ; the : mode of Operation of the patient 
mounted equipment * 40. rt For mstdnce', the 'redundancy cah be changed 
completely by .resetting the switches- 48/ } ^More" data ; can be : iHpUt 1 so ' that' 
the cardiologist can require * trarismissibft 5 of ::i ^igMis ; from : ^ the leads on 
the patient. Assuming . that twelve - are 1 pfesent; : aill j; twelve 1 can be operated. 
The switches 48- are 'reset ; to- 'accfetoplislfi thi^-I i;;,! Adjust^ be 
made ( in the . bias, circuit 56 and ! th& c iba$e ; lines"6f thb signals" can be changed 
by the i circuit- 58: r ; : All this can w be controlled remotely; " These changes can 
get carried, jout without alarming -the patient because' the' j patient "does k not 
necessarily sense, feel or know that changes are :; being rhade to eqtriprrient 
so ; that more; ! detailed monitoring is then being - obtained. 'On the' other 
hand, the; cardiojogist can send or hot send 1 an -alarm conditibn t6 the 
receiver 78 for; sounding the alar fh 80 to the * patient. If thar is dbne, it 
typically- will • involve instructions to proceed : to a r; specified medical" facility. 
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Certain aspects of data transmission between the patient mounted 
system ^^and , the: remote system 70 should rbe. noted. rThey can be a few 
hundred yards or many miles apart.;. ; However, so the patient can 
undertake, norrnal living activities, the patient typically is discharged from 
the hospital and . the equipment, 70 is operated from the facility too monitor 
the patiept. The distance may vary quite, widely. The -equipment 70 can 
be located at the geographic center of a .large population for easy 
monitoring. ; Alternatively, the receiver 72 can be equipped with a tall 
antenna while the .receiver itself is located at a remote location. : It is 
possible for the patient , to carry the equipment 40 over some distance 
Again referring to f Fig. 4, -the numeral . ; 1 00 identifies certain -components 
which are used to. enhance the range .of patient movement. Assume for the 
moment that the ( receiver. 70 ,, is, provided with an antenna that is located at 
the center of. a downtown area, -and ,that the population is concentrated 
around that . area, .The . centralized equipment .70- may have sufficient range 
to accommodate patient movement, of, .five or ten, smiles. If the patient 
moves further, out radially, it /may be; /necessary, to. use repeater stations or 
other equipment in between... The -^equipment shown at , 100 illustrates 
similar repeater stations, 102 and ,.1;04,::. They; have .transmitter and-receiver 
pairs which enable , the system, to receive the transmitted signal from the 
patient mounted, equipment 40: ; ,and /: to transmit ^hat Teven by greater 
distances. ,Thus, the repeater, /stations 102,, ,104 and perhaps more are 
scattered around geographically, to, .provide .adequate coverage even at a 
great .distance from the ; c entrap receiver*: 72- tlf need be, they can be 
connected^ together ,, j through,,a;..teleptene;,:system ; J06 -which-'-in turn takes 
care of the long distance transmission.. -r. The: telephone system 106 can be 
connected , also .to. the receiver 72 • if ; - desired, - The communication 
equipment ..100 also includes an ^optional r synchronous ^ satellite 110 
equipped. ; with, a transmitter and receiver , combination sol that it also 
operates as a repeater. .. In that sense-; it functions in the/same iway-as does 
a. satellite pager system. The, signal,. can be-. transmitted from- the.cpatient 40 
up to. the . satellite, 1 10 and -.friOm there , transmitted dowr.' t6 .onei of the 
repeater stations o,r. .directly . to, the receiver,. 72. The equipment .JO thus 
. can communicate .dire.ctly to the patient mounted equipment 40 . or-; can 
35 take advantage, of ; the repeater system:. . . ■ 

One. ad^ded., link that may be helpful is to provide the -intervening 
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cardiologist with a~- transmitter 112 which transmits directly to the 
emergency room of a hospital. A receiver 114 within 1 the emergency room 
, is- tuned to the transmitter' 112. Automatically or by intervention of the 
: cardiologist, -the ' -patient cart -be sent a signal instructing the patient to 
5 report immediately to a staffed hospital' : emergency room having 
appropriate cardiology assistance. The patient who is experiencing chest 
pains may: want to go to the nearest hospital. However, that hospital will 
, . . not ^know that they are coming. Moreover, they rrray' or may not have 
readily, available medical : assistance ; and facilities so that emergency 
10 treatment might be delayed. 1 i; Therefore, the equipment either 
automatically or through the intervention of the cardiologist sends through 
the transmitted l signal to • the patientr Support equipment 46 an instruction 
1. noted at the receiver ^78 ! and - which, provides an' output 6n alarm 80 
instructing, the, patient to >go to:- a ^> r &£ticular treatment facility. It may not 
15 be the ;elosest, but in terms ; of 'health, the : instruction 1 maf tell the patient to 
. pass by an overcrowded emergency room and go to a facility ' where help is 
ready, to ; meet the, patient literally 1 at the front door and r to undertake 
treatment: immediately. Through this approach, the patient is sent to the 
correct location....; Moreover, ; with ^ the ; ibtervention of a ' cardiologist, or 
20- automatically through the; operation of the neural network 82, the 
transmitter 112 is provided with : an- input indicative of" the' nature of the 
problem. :. That vis transmitted from '^the transmitter 1 T'2 ; to the hospital 
receiver 114. - The coded message -will identify the patient; the instructions 
given .to* *the.> .-patient, arid tell the hospital ^ that -the 

25, arriving patient is having a ;speoifr<£! £rbbleiti-as l indickted : ' b^This^EKG. 
Several options can thqn be executed- -" ^ - ! : -' ^ ; r; ^' - :;J : 

Going back to Figs. 3 andi ; 4, it was Woted that the patient 5 is permitted 
,to roam; subject to the ^monitor : and undertake 1 Hormkl ; activities' at the step 
32. -In v: the- event the patient perceives difficulties, the piatient ^Has an 
30 . instants/feedback-* system whereby the alarm 1 device 80 provides 
instructions to.-: the J patient. ' Great' peace of mind can 0 be achieved "if there is 
a painv followed by that uncertainty in the patient 1 and yet the' equipment 
40 operates successfully, transmits a signal and r'eceive's a Signal back that 
the pain is not a significant event. In effect, the pain bebomeV a false 
35 alarm 36 and the patient is provided with a signal indicating to 1 the patient 
. that, nothing need le done. " White that decision might "be made by the 
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patient acting alone, when made with the assistance . of , this remotely 
located equipment and . testing competency of. the sort described in this 
disclosure, the patient has a distinct advantage when , receiving the false 
alarm signal 36 .indicated . in Fig. 3. , This.; however, is . instructed to the 
patient, in an affirmative way. : It is. a. signal saying far more than vsimply 
do nothing, . father, it is a signal instructing the. patient, that doing nothing 
has been evaluated and. is . the . wise decision... . .Separately, medicines 
literally in the pocket of • the patient . comprise immediate treatment 
undertaken wherever the patient .is. ..located. ,: That is; indicated, at .37 in Fig. 
3 as the home treatment. The ..home treatment may be as simple, as taking' 
by mouth { the typical, nitro , dose , which .reduces, hear.t pain quickly. The 
third option is^.transmissjon of , an.-, instruction. : 38 to , the patient to go 
quickly to a specific f hospital . emergency room entrance. This protocol may 
be required as . a result jpf . EKG . data, analysis. ;-, <.,-,, 

Going back to. Fig. 4 of. the; drawings,' it will ..bq- noted that the f -patient 
mounted apparatus 40. stays in, tw,o ; i way ; communication - with .the central 
medical facility 70, which is typically.., remote from, the hospital containing 
the receiver. 1 1 4. . The aspects of the medical facility. 70 that are especially 
important include the provision , of ;an antenna of sufficient ■ height to 
receive the signal , for the, receiver 72. : The neural, network. 82 provides the 
interpreted EKG . data t and significance^ of that data.. The alarm condition 
indicative of . medial difficulties,, is ^transmitted . automatically, : but is - subject 
also, to review, by ,an attendant cardiologist if, -.desired. This intervention 
c ai V materially shorten . , diagnostic,;, Jime.s in - emergency conditions so that 
R a tr< r a Jrn 5 n f nas - ^ooner and.-,pjecious;time -is not lost. .; 
• : . - : T ne ..-n9Wick_ response v ,of the present system is : noteworthy; In real 
time,, emergency f medical.. . conditions, are. .signaled. ,^ can start real time 

medical intervention, .The , patient,, may have , only a -short interval in which 
to deal with emergency conditions. One example of this is clot formation in 
the heart which event is signaled from the ..pstie.nl. v,: Once! the clot is 
identified, it may, ..be appropriate, to , send a signal-.to - theio patient to 
intervene .quickly by the administration; ; of medications which ; dissolve 
clots. , Such, medications are most effective,, if , administered within the. first 
few : minutes after, the : . clot, has formed.:. It. is common that efficacy, of; these 
medications, is seriously degraded if -intervention is delayed by more than 
about ...120 minutes. .dot dissolving medications' are most efficient when 
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quickly administered. - ! 

The data processing aspects of the present disclosure ire limited by 
the data 5 transfer rates entailed in r the system. It is desirable that the 
. multiplexer 46 be 5 operated ^a-t a rate of about two" times faster than the 
5 highest' frequency component desired from the EKG signai. The Nycjuist 
i criteria, in connection with the AHA definitions require sampling at least at 
, a minimum rate just given. This sampling rate' dictates the amount of data 
. .output from -the spread of electrodes. In turn, the system provides the 
.^ appropriately modulated ' l - RF transmission. That delivers a very large 
10 amount of data, heL, the date transfer Yate is quite high. The data transfer 
; rate \ in perfect conditions might excefed about 50 kiloHertz (kHz*).* However, 
data transfer rates of this sort ; canribt be hahdled without some reduction 
in'^ the data by reducih-g redundancy; ' etc r' u Probably the most limiting 
connective link reducing dat#*i ; cWflten^ over conventional 

15 . telephone lines'. They^a're typically ; limited to ab6ut 4 kHz: Taking this 
constraint - : into accoUnf,-' the- data ' cdhipression scheme and the* reduction of 
redundancy in " the ' pdtient ; ; } gerfdf aited 1 signal preferably provides a 
1 transmitted signal with this data ' content: r In other words, the modulating 
signal encodes^ the signal so ; that 1 it will pass through a telephone system. 
20 : The -equipment 40 on the patient ; is ' preferably quite small. It can be 

mounted in & r$ma\l container -'ab'ciu^ the': size of a pager. The patient 
observes the alarm" 80 which ^is^-plreferabiy-* at leasr a 'visual alarm.' A 
readable screen Of ^Liquid crys tal ^ display (LCD) characters provides one 
suitable version. -Otheif -versions- -output' a 1 ' signal so the patient can look 
25 periodically : at othe-r '- LCD -s f ereefl^ and ; be f reassurefr that : ' f the prevailing 
conditions, are indicativie of gockl ; heaKK! * When 'the : pr6bl E ems j: krise, the 
patient may or may 'not have ;physical' ^discomforts 
patient is reassured- by the signal oh the 1 bOD alarm 80. f 

30 Base-line Drift and DC Bias ' • ; ' ''" : 

..Yet:; Another salient feature of ; the ? invention is its capability in 
suppressing undesired frequency 1 'component^ without affecting the 
; integrity of the desired signal. These 'components, 1 as previously stated, 
.. may arise due to electrode to skin 'direct current : offset, muscle 1 tumor, 
35 slippage of electrodes, breathing and 5 patient motion in ^ general. This (i.e., 
filtering); i is .accomplished - by* the^ compression : scherne' mentioned 
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previously as . a bonus or a bi-produc.t. ( , As . stated earlier, • .the . inherent 
features of : ,the. ; _ cornpression scheme, used., herein is ; its capability of 
resolving signal content in time . and frequency.. This feature (transmission 
prioritization, based, on .isolation and ^selectivity., in time and- frequency) 
offers great latitude . in. .assigning low weight to the .transmission 
coefficients that correspond .to, the undesired frequency; components. This 
virtually precludes the . need for the necessary, filtering required on most 
biomedical data after acquisition, and hence preserves the integrity of the 
significant signal components, 

DESCRIPTION REGARDING FIG.,5 . 

Attention, is^ now ^directed, to Eigc 5.. . In general terms, the equipment 
on the left sid<? pf r the. : ^cheniatic : , block .diagram, is located on the patient. 
To the right ,side ? ^the equipment , is,iocated : at remote medical facility It 
is. a facility which ..will be germed a , "remote data bank" ; along with an 
available physician. It. need not be,- 3,- hospital rin, the- classic .sense of the 
word; typically it is a. .set . of equipme.nt which is located w/ith an . antenna 
that is relatively, tall for easy , communication ; from , a central point ' in a 
large metropolitan area. ... Because : most of the equipment, is electronic in 

nature, it can. be located , there or it can be connected <by. remote lines from 
the antenna. ^includes ; alsp a 0 facility !!; wbere, skilled cardiology personnel 
are available . . To that end v , it r . wijl ;b,e. ,, described .as the . electronic 
d }*ZP?$ tic W n - ■. Th ? remote - ; eJgctri)n:i^ : ,di s agnos.tici.an . . (RED, ,below) can literally 
administer and implement; .life . saying .measures in emergency conditions so 
* hat . .P^tients^ , in postpperative J . r .or posjt, attack-, recovery ..modes have, a far 
greater j: ;phange, of restoration^ full ^health. The patient supported 
equipment, on the,, left of Fig.; 5, will be- .referred: to .generally as the patient 
equipment and is denote.d .,b.y,, th& reference, numeral 210.? . That equipment 
is set forth in the ab.oye referenced^ patent; disclosure which is?. incorporated 
to enhapce the detail Sj of.the present .disclosure,.., The, .patient;; supported 
equipment , ; 2 10 communicates; with the, .RED equipment-. - Thai is^. generally 
indicated by the numeral. 260 and again , is. located on the- right side : of the 
drawing. . ... .... . . ?i .,..........].. , .. ,.^, ! v ,r ■:: : 

The .patient is r equipped , with; a r .set : of patient sensors 2.12. Again this 
portion of. the equipment is,, set forth ;r in the. above mentioned disclosure. 
The, electrodes ,21.2 provide, signals, which are. ultimately rcony.er.ted by a 
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signal converter 214y and those signals are transmitted by a transmitter 
216. f . Details again are incorporated by reference. In 'effect, the state of 
> affairs- -of the-- heart " of the" patient is transmitted to ! the remote location, that 
■ is; ^signals are' sent to' ii fh'e "'RED 260.' The transmitter 216 communicates 
5 with .. the receiver 262. The receiver '262 responds to the transmitted 
signals and : delivers the signal to a demultiplexer 264. The demultiplexer 
264 is provided with two general types of signal, one being the digitized 
and encoded heart signal. That is output by the demultiplexer 264 to a 
digital analog converter 266. That enables reconstruction of the heart 

10 signal. Another portion of the received signal includes patient ID numbers 
which are separated by the demultiplexer 264. These patient ID signals 
r; are noted by • the ID detector' 2681 That helps identify this particular 
: patient so that -data regarding this L patient ' can" be fetched. 

Assume for <purpoSe 'of desc¥iptioh ? "that the RED 260 is monitoring 

15 .1 0,000;, patients- on ^ giveri° day. u -For ieach of the 10,000 patients, 
appropriate * medical /[ data 'is i 1 - stored- in digital fbrm. Obviously, this - would 
include patient name, ^address'-' and' ' r r6fgu-l:ar treating physician. Beyond that, 
it jshould include a -lot of 1 'information on the medical history of the patient 
age, health and general condition- 'should be ; included. All of this can be 

20 captured in digital- form ^because it generally has : an alphanumeric aspect. 
That is available frorn -the ^niemb^ 1 270.' 'In addition however the memory 
270 preferably stores signal wave } forfri^ from this particular patient. 
These ^ signal v wave - forms T are - eiapturSd when the patient' is undergoing 
medical treatment;- These 'wave vfdrTris will serve : as a baseline for 

25, comparative ^purposes. - FoP- j instatf£fe, an J oiHerwiSfe ' heialthy patieiit may 
suffer a sudden MI, arid * then ''be hospitalised. 'f fiere : is* ho 1 "normal" 
: baseline for that: patient because' the phtierir was' healthy' before the MI 
event.. Fortunately however a f * : Icit ,; of *fndnit6rihg will go 6n while the 
patient : is in r: the hospital arid -recovering- Representative signals from the 

30 heart are- * captured • often. • As the ^patient makes a ' l'dcbvery sufficient, to be 
, released' froiri the' medical facility, an ; ensemble of heiarV signals will be 
collected and T stored/ Three or four : cycles of the heart are thus stored!, for 
each occasion For instance in a convalescent interval of one month, the 
patient might provide ten or fifteen different w'ave forms over that month. 

35 Each t is take^n ; from a -desired point ' of view with respect to the heart with 
an ^appropriate set ; of electrodes: -' These Collectively form a library of EKG 
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signals which are in the memory 270.. These., are kept available so that the 
event whicri.^frigge.red hospitalization, in .the first instance is captured in 
some measure, and. the recovery of the patien^ in the next few d.ays is also 
captured ! witli representative EKG signals,,, This ensemble of; EKG wave 
5 forms is stored ^nd made available ^n the memory. The memory 27 & thus 
. stores the alphanumeric data of ..a biographical . nature and medical 
background, along with the dynamically, collected EKG signals. ; All of this is 
available for later recall. 

The patient ID signal received at the. RED 260 is used to sort through 
10 the memory 270 and to find the data for that; particular, patient. That 
data is then output and delivered to the memory: select circuit 272 -which 
rejects all the, other data_.in .the memory . 270. , ; 

The retrieved . mempry, . data-rfpr ,that particular patient, is recovered 
and is displayed, on a f CRT , 274. r rThat, is historical, data, which is important 
for medical ^treatment, ...In., addition to that, .a; CRT -274 makes a, display of 
the ..dynamic. EKG signal, from the ... patient. This- signal is .delivered through 
. the demultiplexer 264, and . is , : then,. ..con vested into;, an appropriate analog 
signal wave form by the DAC 266.; The DAC cooperates with: an alarm 
system 278. whjch. forms a signal fpr the medical personnel. .and which also 
20 connects to the select circuit 272 ? ; so, that , signals .which are pertinent are 
obtained from f the , information stored ,i in the . memory 270. More 
i ; ?P ec V fi ?any L ,it ,may be very ; important ; to : Ipok up , the prior time the: patient 
. . ^ a j t .treated,,, if ; any,.., wjth ^ ;0 c.lotbuster medication .. - It .may be very 
, :ni m ^ ortant , also, in an . alarm rs £ondition- n to -, -examine: , the,; blood thinners 
2 ^, ^ mi ^|^4;,to 0 .th^ I )atiem previously. .Clotbusters reduce,; the clotting of 
, : ,. b iPod. ; ^ factor ; can; ,be problematic if 

added on top of prior administration of .blood thinners such as aspirin or 
. Coumaddaiy The ..alarm,, thus prompts ,,the memory, select circuit 272 to 
display the .related !: signaJs.:tied to, the , alarm condition. : i , 

, VARIETY OF MEDICAL CONDITIONS . '., . r . : . . , J t \' : . ; , ' [. 

The 5 installed .equipment 210 on .the . patient is : able; to detect and 
. respond to, ,a . variety ; of, conditions,- in, the, patient; -Three examples, are 
noted , tp. ( suggest the variety of conditions ; . that can be handled by - this 
35 apparatus. In the first instance, assume that ; the patient suffers from a 
declining, heart rate.. ..This .usually; occurs, without pain -or manifestation 
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other than that the ' patient' may have cold hands or feet, or perhaps some 
other -^evidence' of : a lack of blood flow. " The second condition is similar to 
the first in that the heart' 'rate might be somewhat high. : Representative 
numbers t for 'a 1 given patient will : vary : from day to day and time to time. 
5 However, it isf : possible {: that the heart rate will become either too low or 
high as just-noted. In the first and second examples, the system set forth 
in this- disclosure ' 'enables diagnbstic review by a riemotely located 
professional able to evaluate the health and status of the patient. The 
^'intervention -then selectively ^ provides' the desired heart rate. This is 
10 transmitted^ to the -patierit j an'd serves as a pacing function. The pacing 
function ' regulates the*' heart fate. 1 It delivers heart pacing pulses at a 
desired rate. Assume that a low valtiB is : in the 50V while an unduly high 
"value is in the 80V r ¥he peacerhkkirig functiori' may provide seventy-two 
, . beats per minute-- (BPM^^ ' That i;( will be developed 1 below. As a third 
15 example, assume ttfat 't-Ke* heart goes into K if regular fibrillations. Not only is 
■' there ? -'-a* cessation ^6f^ i egular b'eatfc; 1 ' 1 but the fibullations usually occur at a 
.> rate of over i 100 ' BPM; 8 'defibrillator shock ptilse is administered; assume 
thar the first' defibrillation pulse does not work; then a second and third 
will be administered. Examples of this 1 will r b6 given ' below also. 
20 v ' The equipment at the patient should how ] be reviewed in some detail. 
" The patient ; i§ ' provided with iJ d vc pager : 220 which is integrated into the 
equipment; ' ^The pager includes a Lr recfeiVer 1 222 which received digital 

• coded messages. Thfe Receiver : 222 r recognizes' transmissions intended for 

* that particular ^patientl 1 A sent to the' * patient i*s £ then 
25> recognized by- the ; decoder -224. v ^ 'That : is c8hri£cted ; to an ^output dfevice 

226: commonly; the :? outptlt 1 device 1 : is ; ^n :i L:CD' display which provides a 
specified rfiimber of "characters. >:} n0 iy '- ::a T ■ ' ; ••■ r *- r \ 

These 'provide ^ instructions to- 'the patient. As ah example one in 
instruction might Simply be : f that r the patient r should rest. Another 
30 instruction of value is that the patient is doing well. It is especially 
important for the patient to have this available' on the 'display 226. If 
need, be, ' the -display can provide ' an output of the actual heart rate such as 
<' 60 jBPM. To^ let the 'patient know, : the pager 220 incorporates* ah alarm 
228. -The^ alarm sounds in a way n appropriate for the patient prompting 1 the 
35 patient 7 to look at the display 226. ; °' m 

, ^ ,The ^equipment at the * : patient ' also ft * includes the' peacemaking 
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equipment 230. This typically is a bought, item. ,. This , includes a. power 
supply 232 which is provided with electrical r p.ower , by a battery 234. It j s 
connected witH a pulse circuit 326. The . pulse circuit has an output to a set 
of electrode's 238. The electrodes 238 ;/ are .positioned on the body of a 
patient to form necessary' pulses , which: are/ ; experienced by the. heart and 
which ch'angr the heart operation.. At,- .bottom,- , the heart is -electrically 
triggered by srnaH , electrical impulses occurring - in the heart. The 
electrodes 238 are, positioned on ; the , body so that; the pulses generated by 
the pacemaker device 2^0 accomplish . appropriate timing of. the heart in 
operation. More will be noted concerning: this. 

The patient is , also equipped with , a medication system - 240. This 
operates in conjunction . with, a. r reservoir; -242 .and ; a suitable pump 244. 
Medication i |s^ t delivered ! ,.tp the patient : from the .reservoir- 242 through the 
pump. Ope,m^ . r of u this. .m^dicatipB. .sygtem.^oa-n, be, accomplished remotely 
or locally.. However,, the operatipn; .needs. 5 to .be, timed or coordinated: 1 The 
' recei ver n 222 ; receives an r apprppriate.. message. Th.ev output of the .receiver 
222 is delivered , to a clock driy.en .. decoder : 246, i, As appropriate, the 
decoder 46 sends a signal to a .pulse select circuit ,248. That controls the 
peacemaking .deyice . 230. The .decoder 246 also .controls . the medication 

20 system 240. , ■ . 

, ; •■ " yy- • » ■ • • • •' '"• • 

Going back now, to the je.quipment conveniently available at the 
' central facility ..26$, and , .e^pecia^, A h.e, equipment -which is used to 
intervene, the treating medical, person is r equipped : with -.a -keyboard 280 
v . a i :? . ^ b1 ^ . to «.tyP- e JP; in %lWi on $^o?he&. instructions ,a .resent ; to an 
2 ?., : en .?? der ; and ;f then lv the transmitter 284,; The ..transmitter 284 -is linked 
,..J%.$ e m^ft^i- , jh|s ;!L cl9se.s, !; the,.loop which, was initiated by the 
, transmission, from the transmitter: 2^6,- to the receiver 262. When a reply 
signal is. transmitted L.back, : tp the :patient v , the .signal carries with it the 
appropriate patient, Jp , coding , so f that . only the intended ^patient , responds. 
A^ Uni< ? u ? hands |ia:He> signal, is' included to assure, security, in -transmission; 
Moreover,. . the ! secure ; .transmission j.is. observed at :th ei -pager ^20, is 
recognized, and a - .suitable,- signal prepared, by the • medical -person is 
displayed on the. pager, , Often, it is._ a signal simply mandating that the 
patient, be ca^m and^that. nothing - is. -amiss. ..That, signal alone; -when 
.appropriately perceiyed .by - the patient- will have -a- salutary - effect. 
Moreover ,the medical .person has . the control so that the , patient signal, 
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then displayed along Svitli : historical signals for that patient, are both 

. viewed by i the> treating ph^^^ Assume for the 

moment that a' change -iii ^patihg is' required. ' Should the patient be 

suffering from a he?art ; ' irat?d ' : wlfich is' not appropriate or ' which is perhaps 

5 unstable, the signal M cah Uhfeti be sent to impose a pacing function such as 

72 BPM. This si : gnal ! is r trankmitted: 7 ' The display 226 will indicate this 

occurrence to the patient, < Moreover, the deC6def : 246 will observe this 

: instruction and provide an Appropriate instruction to the pulse select 

. circuit 248 ...which promptg c i r the ! - ^efacfettiakiiig device; 230 to apply the 

10 regulated pacing pulse. In - this - T ihst#fi6e, ; having* selected^ 72 BPM, that type 

of instruction and assurance is ^rb^ided to !il the patient. " It will be 

, understood that the pager 220 disrpiayg the event biit the event is under 

control of the physician r6SaUd' 7; rMfiiotHy from the patient, and is not 

under .control of : the pm&Mp'^erdtf^'^^^hg : 'self-diagnostics' This gives 

15 r the patient a igreatef ^ serise ; of ^cBiifid^iite; It 1 may also give the patient 

< comfort and- assurantffe r as the pacing' device '230' is operated. " To the extent 

that an -electrical im'pulsfe is : pressed ' against the 'skin of the patient and 

some discomfort 'is '-felt, Curiosity [i rn^ be aroused. That curiosity is 

= satisfied -by :?providing^Uhe display' 226 with ari instruction that the pacing 

20 function has begun. The decoder 246 is operated in conjunction with a 

clock sot. that itwis^able to pace !T eVdii'ts. r It is triggered so that the pacing 

function is • continued^ fof pa d^yign'a^d mtervar.' Perhaps 1 only one' or two 

minutes is necessary; ^ pacing for the entire day 

, while :the ; pati;ent -is ^up arid 'moving°a v b6ilt: ' ; Thfe facing function may be 

25 switched off; j at. night - ^6 cite ;; -a £Mrige : fri tiper&ticm. ;] tn any event, the 

patient is , provided <• with the' appropriate J di§pTay instruction arid assurance. 

r: . ; Assume .that the patient expeHerices- measure of 'angina. If 1 need 

be,; the . system is- theri ' trig : g6 : re r a t6 delive^'medicine ' appropriate' for 

reducing;. 'ithe Vangina discoriifort - ;; or pMri. 1 Pdtierit's £>lood pressure, 

30 respiratory^ rate,iiblood 6xygen j cfoiitHht arfc : also-' monitored and transmitted 

to the^monitciring station and/br [{ to ' the treating physician. This is 

administered: to the patient* ih t one" or two forms! If need be, the reservoir 

242 is .« filled n and the pump 244 is operated to dispense an appropriate 

measured liquid quantity. In 'the event of angina; a common treatment is 

35 . nitroglycerin taken in pill form 1 'under the tbngue. : The reservoir in that 

- instance r; can i hold a - specified number of '"individual pills which are 
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dispensed. ..The. alarm 228 is sounded , The , display 226 is then provided 
with instructions to take one - .or two , from, the ... dispensing .equipment, and 

the patient^ can i .then simply administer ^.these by, .hand 

.More, sophisticated , drugs ..are. occasionally required. The patient may 
have a clot foi^m in .the heart region, ~ ..Often that will provide a- signal well 
in advance of, pain. ; The .signal can be ; . transmitted from the patient through 
the equipment 21Q. An alarm condition, is : noted^ by the treating physician 
at the remote facility ,,260., • - .• 

When the RED, receive -this signal , and. goes into, action,,, they transmit 
back an instruction, to the patient r; to -administer .the, clotbuster medication. 
The clotbuster, medication/; is: r; signifieantly; effective' when administered 
within about l ; 00.,minutes ;j of, onset.; The : value, of it is reduced significantly 
as the clot becomes, older, ,The resg^yoir : : 242 -can. be provided with this. In 
some instances, ;i the . mediQiriei dispensing, mechanism; 240 is connected to 
the patient so, that the injection; ;Qgcursj automatically s and d ; irecUy ; into the 
bloodstream , of the patient. This . typically requires- the implantation ; of a s 
hunt into a blood vessel or at least, under the skin, depending on the type 
of injection- In this : . particular: instance, that kind- of . installation can be 
accommodated, . In another aspect,- the reservoir 242 may hold the 
clotbusting medication in the ;fprm v pf closed and; sealed ampules: It is 
delivered out of the , reservoir : by r . spu,nding ? the alarm 228 -arid the 1 means 
242 delivers, the. cpntainer sp^.that, the-: patient then can use a disposable 
syringe to. make their own injunction.. The clptbusting mechanism 
administers the medicine, appropriate ; into,;. the obody of -the : patient. 'This is 
accpmphshed after, the medical;; persorineL has., verification' :6f-- clot formation, 
and the, r time lag. is. markedly reduced.: ' - : 

, , In some, instances,,,; the; system as used to provide defibrillation. Some 
difference in. operation, should; be ,n.tjted, £ .*,' ; In < a pacing function; : pulses are 
provided steadily for, s a-. Jong ..interval , perhaps .72 -BPM'Over five or ten 
hours. L Jndeed this, ..can, last, for days dr weeks. The hearfi -pacing function 
requires pulse which ; are quite., small; At some appropriate 'Kite selected 
by the medical .personnel,,, heart pacing pulses, have minimum -power in the 
pulses. The power in a , given pulse is relatively uniform and is quite small. 
The power «is measured in milliwatts. The milliwatt pulse transmission is 
periodjq, having : a pulse : size and shape which is .^determined by the pulse 
select circuit 248. Assume fpr purposes of description that the 'pulses are 
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at their requisite level' ' to. be felt by the heart, in whicti event the pulse 
amplitude and pulse vwidth /are' ;adjusted remotely of trie pacing' device 230. 
In a significant contrast;' threr* defibrillation- pulse mode ' U altogether 
.different. There, a little threatening condition' may be encountered. The 
heart , is. inflicted with a •vBryws'u'bstaritial^high-" Energy' 1 pulse.' Assume for 
purposes of- discussion that the Thigh energy 1 pulse has 'a peak power 230 
watts. This might involve the formation of a pulse at 100 volts with a 
current of 0.3 amperes. While the duration might' be short! a pulse of this 
; size is ,a significant ; volt. :Bedause ! -lMe ; -thre'atenih'g conditions have occurred, 
it may. require a pulse that large.^:Eveh though the pulse is large, it may or 
may, not, .restart the • heart., in .'. th&ivdeslred : : ^ fashibir. 1 '' Assume that it is 
medically appropriate to wait;; eightripr ten 'seconds : to see' if the' heart will 
return, to the desired? heatc^rate^ ! with v the-- •desired waVe° fofrh. ; If that occurs 
there is no need for .a second pulseJ'^pIf ^ it •■' tibes ^ ribt nappeii, it may be 
essential tp, administer/ > a; second defibfillatibri '• pfflse. " If a pulse of 30 watts 
was first attempted and - did fnot YSufccSefed, then a second pulse' ar perhaps 10 
or fifteen seconds spacing ;<is needed* "i-an'd it should be much stronger, i.e. an 
increase, of 25% tbi, 50%; As the' ^System 5 ^ministers* that second' pulse, 
- again , -there is a wait of perhaps 5 t6- v ?5 seconds to determine whether or 
not fibrillations have stopped and conventional heart rhythm has begun. 

The j medical 'personnel .v'.ime'f^en'iiig ''iii -'this ' ' situation may be 
monitoring hundreds:, even thousands*' of ''patients and may ' not know the 
desired, .pulse ;; l,&vei :for the defibrillation shock. As ah example! the 
defibrillator r electrodes Which ^ normally *-' provide' pacing signals are : flow 
called on to: , deliver. > >a j jstrongeir.. n'sh^cko*©r-$h& - heart. The amount of* shock 
required will vary from patient to p*alierk^- 'At' one' " e'Xtr'eme 'c'Pnsider an 
elderly woman. iwho .-has .a .body^weighti'-of^-less- than :, '*T00 'pounds and has 
substantially : no.; body;; fat.-. -Assumebfurthef' ttiat -this; patient has relatively 
thin skin.fi A, . massive jolt is not hormally Hfe^uired for this patient in 
comparison. ; • with v a. younger man who " has significant -body fat and whose 
skin is relatively -thick A larger jolt: is required. The 1 medical personnel 
handling s the -.situation may ^ot have •'; enough time to review body 
measurements recorded . in the file. To* that end, ; the memory 270 is 
provided .with sufficient data toi indicate : a . suggested defibrillation' pulse 
magnitude.,-; The; memory 270 stores this. - This is a data which is 
predetermined: b ; y • variables just ; noted; nameiy patient weight, body type, 



-41- 



10 



WO 99/55227 - PGT/US99/02550 

skin thickness and so on. In that instance, the memory 270 delivers the 
data and displays it on the . CRT ,for any< medical person to see. By that 
approach, .the initial jolt is tailored,, -Thai. .initial jolt ~is sent to the pulse 
select circuit 248 .by appropriate instructions, - This is used- to shape the 
pulse, thereby determining the power delivered. - 

In alarm ..conditions such ; . as -.that just noted, the medical personnel is 
preferably provided with an additional encoder 286 which is connected to 
another transmitter 286. That ;j transmitter is - ;set to a frequency to summon 
an .ambulance from the local emergency, ^service (EMS) provider(s). The 
signal transmitted to the ambulance service includes encoded data from 
the keyboard 280, It- can ; include,. the name arid address of the patient. It 
can also include appropriate demographic information and emergency 
medical , instructions as ^appropriate— b ; These ;- cah be provided to the 
ambulance., which, -is normally ; (J oper a ted:. by 'suitably, trained ) emergency 
medical service (EMS) personnel. When the EMS personnel arrive at the 
location, of the patient, they wiU . be^preinstructed^ with? 7ali sorts of data and 
in formation to enable them to quickly, and -directly begm their medical 
intervention. They will not be left to guess; they will be receiving < data and 
instructions at least once and -penhaps continuously -lifter intervention 
20 starts by the EMS personnel - • .. 

_v Th '? -,. present apparatus sets fcithvra .; device i whielv enables a post 
operative or,,, recovering, MI, patient to: be I treated ';arid restored to a 
^substantial level of health. ; ■ - i . - .'. :.[.. :. 

7 . :^.^ While the, . foregoing • disclosures i S :- ; directed; to the- preferred 
25 embodiment, the scope is determined by the claims which follow. 
What is claimed is: 
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CLAIMS: , .'• - ; :. . . ; ; - ' ' * — ' 

1. A method of monitoring the ' cardiac status of ^ia 1 - cardiac patient 
permitted to undertake. i normal ^ activities comprising the steps of: 

f (a) attaching a set : of' electrodes:- to a pati^rrt to enable normal 
5 activities; ' ■' l * v ' 1 '*"**" 

.. (b) . forming a set ; of time : dependent signals f'rdm the set of 
, electrodes; . / ' 1 ^ . :f "■' ; ~' r 

. (c) time multiplexing the i signals; - < J 

f : (d) con verting the .multiplexed signals irito digital vatlues having a 
, 10 . data rate; •• •■ •* \r:a^ ' [ * - ft ? - • 

> v (e) reducin'g the data ^ate -while observing patient cardiac 

condition at the reduced data r rate;r r ^ , i ? ! ' ' 

(f) transmitting the reduced ^datai; tale ctf the patient cardiac status; 

(g) receiving M at an cbntnal q location the trarfsrfiitted reduced data 
15 rate; r v -/ .o ;-;'M3 ':>rir -'if-// B-rp.r^n v^/D . v^i-o- 

i. (h) .^wherein the steps 1 of jtraftsfnittirig and- receiving are' 'limited by 
the pass band of ;.a, ; connective ' link between the patient' and the central 
t .-location;;;.-. ... r. ![;■■/' ■•' ■ 

. (i) . .storing heart beat Signal shape 'and condition data of the 
20 patient at the central location; 

{j). electronically icomparin^ the received -[reduced ' data rate of the 
patient with .the stored data to] evaluate patient l status; and : ■ ■ 

(k) electronically responding to the step of comparing : ib Send to 
the patient a signal indicative^of: patient status or indicative UHat medical 
25 intervention has.;- occurred. \*s\\ v*\ boutf^'io^^' <:i *.-^vw; 1 .jv:'\y;i»: mi: : 

2. The method of claim 1 wherein the signals from the patient are 
multiplexed and then converted into digital signals prior to transmission. 

30 3. The method of claim 1 wherein the signals from the patient are 
conditioned prior to transmission. 

4. The method of claim 1 wherein the signals are corrected for drift 
prior to transmission. 

35 

5. The method of claim 1 wherein drift as a result of patient respiration 

.w. -43- 



WO 99/55227 ..PCT/US99/02550 

is removed prior to transmission. 

(?. . , The method of ..claim 1 wheriein the signals -are r rotated with respect 
to the trunk of the patient's body prior to transmission. 



to 



7. The method of claim 1 wherein the signals are shifted with respect 
the patient's body prior to transmission. 



8. The method of claim 1 wherein the number of electrodes connected 
to the patient is N, and N is -a whole, number integer, and the signals from 
the electrodes are reduced below N. 

9. The method; of : elaim,. ; &- wherein • the: number N remains unaltered 
while the signals actually transmitted are changed dependent on the 
medical conditions of the patient. 

10. The method of claim 9 .wherein. N -is - 12--ahd ; selected electrodes are 
switched off. - : ... ,, : . . . - } ^r: . 'j- - 

11. The .method of. claim 1 • .including the step- 'of transmitting to the 
patient a signal controlling operation of equipment so that steps 1(c) 
through 1(f) are : carried out . under remote" control; ■ i 

12. The method of claim 11 wherein the step of remote" control switches 
on or off at least one electrode. 



13. The method of claim 1 wherein the step of receiving the ! transmitted 

: signal compares • the- patient' cardiac condition with EKG signals 'in a neural 

network , and:. ; forms \ an- indication = of - patient condition -from -Operation of 
neural network. :, s vr j(! 

14. The method , of -claim 13 including; -the preliminary step of inputting 
patient EKG signals. ■ > v. ; -:v . 

15. ..The. method of: claim 1 wherein the steps of transmitting' and 
receiving are carried out through a repeater located away from the^ patient. 
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16. The method of claim 15 including the step of transmitting the 
reduced data : rate Jn a (bandwidth fitting in a telephone line pass band. 

5 17. The method of claim 1 wherein the patient is additionally monitored 
for blood oxygen content . and/ a ^signal indicative of oxygen content is 
provided for transmission and is transmitted therewith. 

18. The method of claim 17. including the step of monitoring oxygen level 
ip in four bands represented by digital data. ^ ' : 

19. The method of claim 1 including the step of storing history of the 
patient and comparing, the EKG^rbbtained from tikaV J patient with the 
transmitted data: in ;! real time, ?;.^;ias?n/s)j \l:r,\ ; 

15 ,?n:^ -v v"- ' -7^ ; ;:iMr,;. * L - 

20. The method of clainr 3 wherein said signal condition comprises 
correction for signal bias in a measured periodic signal by: 

(a) observing the measured periodic signal over a period of time 
significantly larger than the period of the periodic signal; 
20 1 (b) . . obtaining .a moving ^avdrage of the periodic signal from said 

observation; andt , ' : . . ao^.o^v ir':\o\\i k - 

(c) subtracting .said, moviag average from said measured 1 periodic 
signal thereby correcting said measured periodic signal for slowly varying 
: : bias rchanges. v — rk)iv:\ v «. : •■ * *.»■■•. ' s — ; 

25 .->bn7>o;vb • r :o - '■' 

2 1 . The method of claim 4 wherein said signal drift correction comprises 
: the steps of: , . r? . . cl-:- ! »-■■' ■ to •/ i'^" " "" 

(a) forming a digital filte^o which- has ; awrnagnitude response -which 
is : flat in .band pass : and which posses -sharp : drop off Crt the flanks- of said 

30 band pass; and r 

(b) passing said signals through said digital filter thereby 
, removing relatively Mow ^frequency drift from S said signal- prior to 

transmission of said signal. ^, i- ' I /^v ; 

35 22. . The method of claim 6 ^wherein said signals are rotated With respect 
.to the trunk, of the patients body, by: < , : f \ , rf ^ f - 
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(a) defining a standard heart, orientation; .. 

(b) defining a standard array for the placement, of. said, electrodes 
onto the patient's body; 

(c) defining standard differences, in signals, from said electrodes 
from a heart in standard orientation; . « 

(d) measuring differences , in .signals from a standard ..array of 
electrodes placed on said patient; 

(e) comparing said standard differences and said measured 
differences to 7 determine an actual orientation ...jpf : said patient's- heart; and 

(f) correcting said signals for ; : non,- standard heart orientation based 
upon said comparison. , ..... , ; . ... , ; 

23. The method of claim 23 wherein said comparisons are made in a 
time domain. 



24. A, method of detecting cardiovascular, cdiffieulties- .with ^a : rpatient 
having a history of such difficul,ties ;i -and the . method, comprises the. steps of: 

(a) obtaining EKG data of the, patient, ; at ; the., time of. difficulties; 

(b) obtaining EKG data representing a set of cardiovascular 
difficulties indicated by. EKG. signals; ,s , ; . 

(c) transmitting EKG.. data , from . the , patient from , a , remote location 
. .so that the patient EKG data is , provided^ in real, time" along with movement 

of the patient; ... . . .,. , , .. , 

... (d) processing . the, dynamic, ;; EKG, data... from- ; the patient through a 
neu . r ^ : ^work dynaraicaU y_ m .v^-th, jitransmissi,©;^ } of;, ?s.aid EKG ; data 
representing a set of cardiovascular difficulties; and v . . . r % 

. (e) determining , - -from >., 4 said., .processing s the . presence of a 
cardiovascular condition . ;; and /0 ^aHrig^-the ; . patient to 3 seek; medical 
assistance. 

•• ;:.■.*•':)•■.>••: ■'•'; ' ' ■ ory, !)■■■ . n ■ .. ( ' j ). 

,25. .The method of. claim ^24 . wherein, the patient ;; is,., pro.vided: ; with an 
alarm signal instructing, the patient tp , attend a. specific emergenc.y: medical 
facility. - , ; ,,>- 

26. The method. . of, ..claim 24 including the step of transmitting the signal 
of the. EKG. of the patient from a remote location, through; a, repeater system 
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interposed between "'th'e ,;i patient " and ' a receiver" 1 for receiving the 
transmitted signal: :r ' 

28. The method of elaifnf 24 including the step of monitoring the patient 
5 continuously as part of a recovery program for 1 the patient so that the 
patient may undertake rtbrfhal patient' activities remote from; a medical 

facility. ' * j 

\ r L ::- i,f. : . r ■ •■■ > 

; 29. The method -of claim : 28 •including the step bf transmitting to the 
10 patient an alarm signal ? 4ndicatiiyg to the 'patient that "medical treatment 
and intervention be undertaken by the patient jirior to going to an 
emergency medical facility. 

30. The method of claim 24 including the step of directing the patient to 
15 an emergency medical facility and transmitting a signal to the emergency 
medical ^facility ? td - indicate • the pitifeht is eri route' to : the ^facility and also 
a providing with that transmission ; ai^ indication 6f the medical problem as 
indicated by the EKG of the patient. : 

20 3 1. A system for monitoring the 'heart condition of patients during heart 
recovery enabling patients mobility; the : sy'stfcm comprising: 
... (a) : ; a ' set of Heart sigh^l sefisbrs 1 cohridcted "with a transmitter to 
transmit from the patient signals indicative of heart conditions; 
• \ (b) a remote} < central ; lobatiori ieteiVer -for^ receiving' the heart 
25 patient signal^ transmitted - therWrom^ $aid T receiver is 

connected to a heart signal outpirt deViee; v ' ' 1 LU " J - ( il " " '"- r <°- 

(c) a transmitter at the central location r 46 'enable transmission of 
medical personnel determined f decision^ based on ' the ' received 1 'patient 
signals;, and 

30 (d) a patient mounted receiver for receiving the transmitted 

instructions, : wherein -t said receiver v is connected to a 1 patient mounted heart 
pacing 1 system including i electrodfes ! for applying r ah ' electrical shbck for 
heart operation. 

35 32. ; The system of claim 31 -wheirein said patient mounted pacing system 
includes electrodes for admini$tfenhg ; a sizfed shfcJck to' ih€ patient heart. 
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3 3 . The' system of claim 31 wherein " { said, patient . mounted receiver 
responds to transmitted instructions' intended solely for. . that, patient. 

34. The system of claim 31 wherein said ■. patient, .mounted receiver 
receives the transmitted instructions and displays alphanumeric 
instructions for the patient. 

35. The system of claim 31 wherein said patient mounted receiver., forms 
instructions as .' a result of the transmitted instructions, ^herein . said .patient 
mounted heart pacing system applies a . ."specified heart pacing shock to the 
patient to regulate the " heart beat ~ for a .specified' interval, at : a, .specified 



rate. 



36. The' system of claim 3 1 wheVein r; saicj patient, mounted receiver . varies 
the energy in the electrical shock from a heart J pacing shock, level : to a 
defibrillation shock level. 

:' ' ■ '_■ '.' ' 5 j- ' '^C '• ; ' 11 ' ■ r '-'. ' ' ■' ' ' '■ '■ 

37. The system of claim 31 "wherein said patient . mpunted, receiver 
applies first and second heart defibrillation shocks, and - the second 
defibrillation s'h'ock is larger than the first. , . , \ . 



38. The system of claim 1 31 wherein received signals, ; are digitized and 
analyzed with a wavelet form of signal averaging leading to improved 
detection of late electrical^ potentials within a cardi?c cycle. , 

39. The system of claim 31 wherein said patient mounted receiver 
signals to the patient ,a medication, delivery ? .signal, t and said ? medication 
signal and said signaj jmtiates "delivery " pf. a .specified, quantity .of , medicine. 

40 • j Tne system of claim 31 .wherein . said patient^ mounted receiver 
. . r ® ce t i y e ^ ! the transniitted instructions and, one of said , instructions 
comprises a magnitude component for the electricai shock, and" said ., signal 
is applied to a pulse circuit to control the signal for the patient mounted 
35 electrodes. 
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41. The system of claim 31 wherein said patient t mounted receiver 
connects with a decoder which forms pulse selection signals for said heart 
pacing system! J 

5 42. The systefri of 1 claim 31 wherein the 'said patient is implanted with a 
monitoring device which transmits electrical sigpals with or without 
accompanying pacemaker and/or defibrillator device. 

: ' 43. ■ A system for ' mofiitoffrig the heart condition of patients during heart 
10 recovery enabling patieht mobility, the system comprising: 

" (a) a set of hekrt si-gnal ' senscirs connected with a patient mounted 
transmitter- to transmit from the patient signals indicative of heart 
conditions; 

(b) a remote, central location receiver for receiving,.; the patient 
15 ' signals transmitted th&fe^ is connected to a 

)j Heart sigiial output ' devicie; 

(c) a transmitter at the central location to enable transmission to 
the patient of determined instructions from medical personnel based on 
the received patient signal's; arid 

20 (d) " a patient mounted / receiver for receiving the transmitted 

instructions, wherein said receiver '"is connected to a patient mounted heart 
pacing system including electrodes for applying an electrical shock for 
heart operatioti; 1 --^-* * 

~ ' . - i \ ■ - - r : i ' t : • "i ■ 1 '"i •/ ' \ ■ : , "' ' 1 J ■ * ' - 1 - - * ' ' 1 — ' - 

25 44. The system of 1 claim 43 wherein said' patient mounted pacing system 
includes electrodes for administering a sized shock" to the patient heart. 

; 45.' The system of-' clairiV 43 wherein said patient mounted receiver 
responds to transmitted instructions intended solely for that patient. 

30 . 

46. Thb system 'b¥ claim 43 wherein said patient mounted receiver 
receives the transmitted instructions and displays alphanumeric 
instructions for } the patient. 

35 47. The system of claim 43 wherein said patient mounted receiver forms 
instructions as a result of the transmitted instructions, wherein said 
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patient rn.oun.ted heart pacing system . applies . a specified heart pacing 

shock to the patient to regulate the heart beat for a specified interval and 
at a specified rate. • ; 

5 48. The system of claim 43 wherein said patient mounted receiver varies 
the energy ,n the electrical shock from a heart pacing shock level to a 
defibrillation shock level. 
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49. The system, of claim, 43 ..wherein, said, patient mounted receiver 
applies first and second heart defibrillation shocks, and the second 
defibrillation shock is larger than the first. 



50. The, sy«$tem.._of. claim... 1 ..fujthe^comprising:^ •: . 

(a) ,., a first display ; located,, ^ : said ; ; central : location; = : . »•< 

(b) a second display located at said central location; and 

(c) a memory located at ; said,,cejitral .location? wherein said central 
location transmitter is operated ^ .by the medical -personnel tb< form 
transmitted instructions for the patient based on 

(i) , ; ,patient ! .medical :!;:; 3data. stored in said memory and 
20 displayed on said first display,. and:-,.. u . . ... , ;; ■ 

(ii) heart conditions transmitted from the patient by means 
of said patient mounted receiver. ^and-i displayed on . said second display. 

51. The system of claim 50 further comprising a medication delivery 
, system,, which is : .affixed : to . the ; ,patierit> .wherein said- patient mounted 

-^'.r^-^Snals... to, sV ^h.e. fl p^,eiH,..a.i medication -delivery signal; and said 
delivery medication delivery signal initiates delivery of a specified 
quantity of medicine : .from said medication ; delivery system. 



52. . The system of (: claim :: 50 -wherein said / patient mounted receiver 
recedes the transmitted instructions,., and one of- said instructions 
comprises a magnitude .component , for the electrical shock;- and- said signal 
is. applied ,to a pulse circuit to control the . signal - for- the ; patient mounted 
electrodes. ... .. , • ... 

53 , The. system of claim . 50 .wherein r said stored patient medical data and 
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said transmitted heart conditions comprise EKG wave 5 forms 

54. The system of claim 50 wherein said patient ' mounted receiver 
connects with a decoder which forms pulse selection signals for said heart 

5 pacing system. 

55. The system of claim 50 wherein said* central location transmitter 
transmits encoded signals for said patient mounted receiver, and transmits 

:j a second set of encoded signals to an &metgency 'me'dibal service. 

.10 , . . , ■ yr< :' v ' K: " • ■ ' * 

56. The system of claim 55y whferein 'said central' transmitter is operated 
by the medical personnel to form transmitted instructions for the patient 
based on patient medical iidata^stbred^if a ' ^menl6ry ; arid the heart conditions 
transmitted from the- patient : by : m&ank : 6f ^aid patient indunted receiver. 

15 - **>•..-:( In-r-r ;o \:\c • u:' h^-c--' .-u • < 

57. , The ^systemi'. of i: claim •56 > wkferein said patient 1 medical data and said 
: heart conditions are displayed simultaneously at said central location. 

58. The . system of claim 57 wherein said- patient medical data is displayed 
20 on a first CRT and said second conditions kre" displayed bn a second CRT. 

59. The system -of claim ^ data and said 
heart conditions comprise EKG wave forms. 

25 60. t The system ofuclaim 57- ^h^reiri : said ihe&rt ^conditions are a displayed 
in real time as they are received ^ 

, , . > • v - '.rrwAi ^ 1 

61. A method of monitoring iahd' m^ 'the health care 

of a recovering heart patient comprising the steps of: 
30 (a) i: ,, mounting heart monitoring sensors on a p&tifcrit remote from a 

medical facility to /.thereby transitiit : the heart : si grfals from the^ patient 
while f mobile and away from the Medical facility; 0 j ' ' r « : ) ; 

v ^ ; ; (b> receiving the patient transmitted signals "froih the patient at a 
central location and displaying aspects of the signals to ehable medical 
35 analysis in real time; 

(c) ; U making ; discretionary 'meclical diagnostic instructions for the 
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patient in the form of coded digital data transmissions " transmitted from 
the central location to the patient; . vv ■„ 

(d) selectively receiving transmitted:, signals ait the patient and 
fofming . from said, signals remotely, controlled :>pulsesi applied through a set 
of electrodes on the patient to alter operation of the heart; ' and ' 

( (e) transmitting digitilizedirpatient 'ERG -data to a. physician carried 
reciever. 

.62. The method, of claim 61 remotely controlled pulses comprise sized 
..pulses.. . , ... ,, ..; .. . . ■ ,., ; , . ; , . , • 

63. The method of claim 61 wherein said patient received signals are 
intended solely , for- that patient; o >i :r,;f > :« ' , .; 

64. The method of claim 61 wherein said patient received signals are 
displayed as alphanumeric instructions for the patient. 

65. The method of claim. : .61 -..comprising, the additional step of Applying 
heart pacing shocks, as specified. ;by said patient \ received -signals, to the 
patient, wherein ,said. heart, pacing- shocks, are applied to the "patient to 
regulate the heart beat , for a specif ied^interval ahd '.atn a specified rate and 
as defined by said medical diagnostic instructions. 

66. The method of claim •65 i qinoliiding:j.the-oaddiUbridV : *step t '-or varying 
energy in said shocks from a heart pacing shock level to a defibrillation 
shock level. ., ! ; -.«r>:.:i ; .h r . >. v. : \ y .. < ;v . :J -\ 

67. The method of claim 66 wherein a first defibrillation shock and a 
second defibrillation shock are. -applied, and; saijd : second defibrillation 
shock is larger than said . first defibrillation shock. -J - bar:-;:-- 

68. The method of claim 61 further comprising ; the additional steps of: 

(a) providing a first display located at said central location; 

(b) providing a second display located at said central location; 

(c) providing a memory located at said central location; 

(d) displaying patient medical data stored in said memory on said 
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first display; , \ • 

(e) displaying heart conditions received as : sard 1 patient received 
signals on said second display; ; > 

■.-(f): forming saidb medical diagnostic instructions by comparing said 
5 first display .and said second ' display; -and ' i% - 

(g> transmitting said medical - diagnostic inVtfuctioris to the patient. 

69. The method of claim 68 comprising the additional step of providing a 
medication - system mounted on the patient,' Wherein said medical 

10 diagnostic instructions signal said medication system to provide a specified 
amount of medication for the patient. 

... ;d'.Y -V ■ - — ■ • < 

70. The method of claim 68 including- the Additional step of displaying 
said patient medical data and said heart conditions simultaneously at said 

15 central .location. hu.-. iv^^yd^ 1 d >' * 1 -:^- l >- w 

71. The method of claim 61 wherein said patient received signals 
comprise instructions, and one of 'Said instructions comprises a magnitude 
component for said pulses, and said instructions cooperate with a pulse 

20 circuit to control the power . of electrical pulses supplied ; to said' set of 
electrodes .on the patient rto alter "operation oP'thfe heart. :: 

72. The system of claim 68 wherein said stored patient medical data and 
said transmitted heart conditions comprise EKG wave forms. ' ' 

73. The method of claim 61 including the additional steps 'of: ' ^ 

(a) processing said patient received signals with a decoder to form 
pulse selection signals;;. ;n y ^ / ^ ^ '\<> ?: ' - ^ 

(b) ; applying said pulse ; selection signals to -a "heart pacing system 
30 connected to said heart monitoring ; sensors; anfr - <* &J * ^ - - : ' 

(c) controlling the beat rate of the patients heart based upon said 
patient received signals.,:? ; • : ' : ^ p - - ; • * ••' : ' 
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AMENDED CLAIMS 

[received by the International Bureau on M August 1999 (17.08.99)- 
original claims "I, '4, 8,11, 31, 43 and 61 amended; new claims 27 and 74 - 89 added; 
!: remaining'claims unchanged (1 5pages)] 

1. A method of monitoring the cardiac status of a cardiac 
patient permitted to undertake normal activities comprising the 
steps of: 1 - ^ 

(a) attaching a set of electrodes to a patient to enable 
normal activities; 

(b) forming a set of time dependent signals from the set of 
electrodes; 

(c) correcting the signals for systematic errors; 
Kl (d) time multipl^xiiig the^ signals; 

(e) converting the multiplexed signals into digital Values 
having a data rate; 

(f) reducing the difa" "fate while observing patient cardiac 
condition at the reduced data rate; 1 ' 

(g) transmitting the reduced data rate Vpf the patient 
cardiac status; 

(h) receiving at a central location the transmitted, reduced 
data rate; ' 1 1 - 

(i) wherein the steps of transmitting and receiving are 
limited by the pass band of a' connective' link between the patient 
and the central location; 

(j) storing heart beat 1 ''signal shape "and condition data, of 
the patient at the central location; 

(k) electronically comparing the received reduced data 
rate of' "thtf patient with 1 the Stored data to evaluate patient status; 

(1) electronically 'Responding to "the" step of comparing to 
send to the patient a signal indicative of patient siatus. or 
indicative that medical intervention has occurred. 

2. The method of claim 1 wherein the signals from the patient 
are multiplexed and then converted Into digital " signals " prior to 
transmission. " ' 

3. The method of claim ' 1 wherein the* signals from the patient 
are conditioned prior to transmission. 
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4. The method of £lairti 1 wherein the correction. _ for systematic 
error comprises correcting the signals - for drift prior to 
transmission. 

5. The method of claim 1 wherein drift as a result ,of patient 
respiration is removed prior to transmission. 



6. The method of claim 1 wherein the signals axe rotated with 
respect to the trunk of the patients body prior to transmission. 

7. The method of claim 1 wherein : the signals are shifted with 
respect to the patient's body prior to transmission. 

8. The method of claim 1 whereip th$ number, of electrodes 
connected to the patient is N, said r N is t a whole number .integer, 
and the number of signals , actually transmitted from the 
electrodes is N or less. 

9. The method of claim 8 wherein the number N remains 
unaltered while the signals actually transmitted are changed 
dependent on the medical conditions of the . patient. v 

10. The method of clainv 9 wherein . N ; is 12, and . selected 
electrodes are switched off. 



11. The method of claim 1 including, e the 7 -. ste^^of transmitting to 
the patient a signal controlling operation of equipment so that 
steps 1(d) through 1(g) are carried out u^dej rernpte . control. 



121 The method of claim 11 wherein, the t .step of remote cqntrol 
switches on or off at least one electrode. 

13. The method of claim ,1 wherein the step of receiving . the 
transmitted signal compares the patient cardiac condition with 
EKG signals in a neural network and forms an indication of patient 
condition from operation of neural network. t , * .. . 
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14 ; The ; method of claim :!3 including:; the preliminary step of 
inputting patient EKG signals. . . 

15 - The, .method, of claim 1 v/herein the >; steps of .. transmitting and 
receiving ; are carried out through , : a .repeater located away from 
the patient. . - . , ■ .. 

16 - :.T he method ,of claim 15 including the step of transmitting 
the reduced data rate in a , bandwidth, fitting in ;i a - telephone; line 
pass band. ... .. . , : .. .-, 

17. The method of claim 1 wherein the patient;; is additionally 
monitored for bloofi oxygen, ycontent , .and:; a ..signal indicative of 
oxygen content is. ^rcj^deid r|9r ;r ^rgns-mi.ss : ion ..and . is .transmitted 
therewith. ... , . . - . ... . v . ; . ............ , 

18. The method of claim ,sl;7 ; -including the step of monitoring 
oxygen level in .four .bands, represented- by digital , data. : 

19. The method of claim 1 including, the .step of storing history 
of the patient and comparing, the EKG ; obtained from that- patient 
with the transmitted data in real time. 

20. The method of claim 3 wherein said/ -signal - condition 
comprises correction for signal bias in a measured periodic signal 
by: v . v ; „ - ;: . .... • - r , " .... ■ 

... (a) ob.servirjg. . .the,> :measured periodic , signal over a . period 
of time significantly larger than the period of. the periodic signal; 

(b) i: obtaining . a, moving . average of , the- periodic signal from 
said observation; and . ; ;of- 

(°) . .subtracting said, moving average from.: said measured 
periodic signal thereby correcting -.said .measured periodic signal 
for . slowly varying . bias changes. . rvx- .... 

21. The method of claim 4 wherein said signal ' drift correction 
.comprises.: the. steps of: ,;. ..... . .. . , ; 
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(a) r forming aD "digital filter which has a " magnitude 
response which is flat in band pass and which posses sharp drop 
off on the flanks of said band pass; and 

v * (b) passing said' i! signals through said digital 1 " 'filter thereby 
- •removing relatively low frequency drift from said signal prior to 
transmission of said signal. 

. 22. * The method of claim 6 wherein said signals arfe rotated with 

?i\ respect to the trunk of 1 the patierits body by: 

(a) defining a standard heart orientation; 

(b) defining a standard array for the placement of said 
< electrodes onto the patient's 'body; ;i ( 

• (c) defining standard- ^ -differeric6^ in 'signals from said 
electrodes from a heart r in st&ndard 6tichiWion) : J ; 1 " A 

(d) measuring differences in signals from a standard array 
of electrodes placed on said patient; 

(e) comparing said ^ standard : differences and said 
measured differences to ;: de'terrriitte : an actual orientation of said 
patient's heart; and 

(f) ; " correcting "said 1 Signals for non standard hedrt 
\ orientation based upon Said : ebmparison; ;: 

23. The method of claim 23 wherein said comparisons are made 
in a time domain.- ■ - . . i'vM -■ ■* ' 

24. A method of detecting cardiovascular difficulties wittf" a 
patient having a; ,:■ history- of sucK difficulties and the method 
comprises the steps- of: - '* v - } n ' ri] = ^ ' ; v'- I: -' ; 

■V.(aj).v obtaining EKG data i: of r the ' patient ij at" the time of 
difficulties; 1?r ' ^ - — ' - ^ 

- > : :(b) . obtaining EKG 'data ; representing a' set of cardiovascular 
difficulties indicated by EKG signals; : - u j ' ~ 1 ' : : : 

(c) transmitting EKG data from the patient from a remote 
location so that the patient EKG data is provided in real time along 
with -movement of the patient;" v.ro:- 

(d) processing the dynamic EKG data /from 'the patient 
through a neural network dynamically with transmission of said 
EKG data representing a set of cardiovascular difficulties; and 
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(■ e -)-. determining from, said processing the . presence of a 
.cardiovascular, condition and . signaling the. patient to seek- medical 
assistance. 

25. The method of claim 24 wherein !the patient is provided 
, with, an alarm signal instructing the patient ;to attend -: a specific 

emergency medical, facility ■. , , ; 

26. The method of claim 24. including .the step of transmitting 
the signal of. the EKG of ; the patient from a remote location through 
a repeater system interposed between the patient and. a receiver 
for , receiving the transmitted signal. : r : 

m . The _, method .... of ;i claim V; 26. including the v step of. positioning the 
repeater system ...away from,.-; the patientLs.and away \ from: the 
receiver. 

28. The method of, claim 24 ^including the step of monitoring the 
patient continuously as part of a recovery program for the patient 
so that the patient may undertake normal patient activities 
remote from a medical facility. [,.- ;. . r : r - 

29. The method of claim 28 including the step of transmitting to 
the patient an alarm signal indicating to the patient that medical 

intervention;- rbe undertaken by the patient prior to 
going to, an emergency .medipal , facility; .. 

30. The method of claim 24 including the step of directing the 
patient to an emergency medical facility and transmitting a signal 
to the emergency;. : medical , facility ; to indicate the. patie'nt is en 
route to the facility ; and- also providing; with :thatf;transmission . an 
indication of the. medical . problem ■ as indicated by the> EKG ^of the 
: patient. . ■ . j •. •-. 

31. A system for monitoring the heart condition of patients 
during heart , recovery . enabling ; patient mobility, the system 
comprising: , : ; :; y ,.. , ' .. - .,- . v ;-. - ...... 
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(a) a set o# -heart signal sensor^ connected with a 
i ; transmitter to transmit 'trom ] the^ patient signals indic'ativb of heart 

conditions 

(b) means for correcting said signals for systematic error 
* prior to transmission; " ; ; 

j ., (c) a remote, central location receiver for receiving the 
heart patient signals transmitted therefrom, khd wherein said 
receiver is connected to a heart signal output device; 

(d) a -transmitter at the -central location' to enable 
'transmission of medical' personnel determined decisions based on 
the received patient, signals; and' - - li ' 

(e) a patient mounted* receiver f6V receiving* the 
transmitted instructions, wherein said receiver is connected to a 
patient mounted; ^heart facing ^ systeW l f mc for 
applying am electrical = rshbcfc fofhe'Srt -operation. 

32. The system of claim 31 wherein said patient mounted pacing 
system includes -electrodes fot administering' : a sized shock to the 
patient heart. : ; > - • ' ' ! r 

33. The system of claim 31 Wherein said patient mounted 
receiver responds to transmitted instructions intended solely for 
that patient. ♦•; .• ^' •<..''v.;j j <n:r ■ ' . 

34. ; The-: systerii of daiitt • whe r f6ih i °said - patient "molfnted 
receiver receives the tranSmi and' r displays 
alphanumeric 

instructions for: the patient. - t% £ niwAc ^ : 

35. j The; .system of - claim ; 3tJ: wherein- said ^"atiexit mounted 
receiver forms; i instructions' as a result df the transmitted 
instructions wherein said patient mounted heart' pacing system 
applies a specified heart pacing shock to the patient to regulate 
the heart beat for a specified interval at a specified rate. 

36/: The system of claim 31^ wherein v said patient 1 mounted 
receiver varies the energy in the electrical shock from a heart 
pacing shock level to a defibrillation shock level. 
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37. Tji.e system of .claim , 3 1 wherein-; . s.aid patient mounted 
receiver applies first . and second heart, defibrillation shocks, and 
the second defibrillation shock is larger, ; Jthan. the- first. 

38. The system of, claim .31 wherein received signals. are 
^digitized and analyzed with a . wavelet form of signal -averaging 
leading [ to. improved detection of late electrical potentials within a 
cardiac cycle. ..... . 

39. The system of claim 31 wherein said patient mounted 
receiver signals, to the patient .=3: medication., delivery signal, and 
said medication. ^ signal.... .and, : ^aid signal .initiates- delivery of a 
specified quantity of medicine. ,. 

40 -. ..Jhe ..system, .of claim , 31. wherein said, patient: mounted 
receiver receives, the transmitted; instructions and one of. said 
instructions comprises a magnitude component for the-. ■ electrical 
shock, and said signal is applied to a pulse circuit to control the 
signal for , the patient mounted electrodes. - . • • . , 

41. The system of claim :C 3 Lh wherein saidrpatient mounted 
receiver connects with a decoder which forms pulse selection 
.signals for . said, heart pacing, system. ( ; ~ ;.. • .. , 



-f 2 : . Th R. - ; .s ; yst.e.m. ; . of .x.laim ,3.1. wherein the ;said patient is 
implanted w_hh.. a monitoring- device which .transmits electrical 
signals.,, with, . or without acppm.pan.ying , pacemaker . .-.a-nd/or 
defibrillator device. 



43.. A . system, for , monitoring .the ; heart condition,, of ? patients 
during heart recovery enabling : patient mobility, the. system 
comprising: 

( a ) , : a set ° f . heart signal j sensors connected with a patient 
mounted, : transmitter to transmit , from the patient signals 
indicative of ,heart, conditions; V( r ; - , 

(b) means for correcting the signals for systematic error 
prior to transmission;.,., ... ; ; , , ; . . v - . 
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(c) a remote, central location receiver for receiving the 
patient signals transmitted ; therefrom, and whefeiifr said ; receiver 
is connected to a- heart signal output device; 5 

(d) a trahsrtiittfer ■ at the central location 1 to enable 
transmission to the patient of determined instructions from 
medical personnel based ^ori the received patient signals; and 

(e) a patient - mounted receiver for receiving the 
transmitted ' instructions; ^wherein said recfeivfer is ' connected to a 
patient mounted heart pacing system including electrodes for 
applying an electrical shock for heart operation. 

44. The system of claim 43 Wherein said patient mounted pacing 
system includes electrodes for } Mtmm$tering a sized sliock to the 
patient heart. .:-y:?rj- ^ *\ .» .*.» .-.j 

; 45u < The- systertf^ of claim 43 1 wherein said patient mounted 
receiver responds to transmitted 3 ihstructioris intended solely for 

• that patient. '■ r * ,; '^'^ • ' ' " 

46. The system of claim 4:3 f Wherein said patient mounted 
receiver receives the transmitted instructions and displays 
alphanumeric instructions for the ; "patient. ^ 

47. The system of claim 43^ wherein said' patient mounted 
receiver forms instructions as a result of the transmitted 
instructions,' wherein said patient mounted hefart' jpaciiig system 
applies a specified heart pacing 1 shock to the patient to tegulate 
the heart beat for" a specified interval -arid j at a Specified rate. 1 

48. The system of claim 43 wherein said patient mounted 
receiver 'varies: the energy irt the electrical shock from a heart 
pacing shock level to a defibrillation shock level. ' v — 

49;. . The -system of claim- 43 ( wherein said patient mounted 
receiver applies first and ^second' "heart ; defibrillation shocks," and 
the second defibrillation shock is larger than ; the first. ? 

50. The system of claim 1 further comprising: - ; T r 
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(a) a first display located at said central location; 

(b) a second display located at said central location; and 

( c ) . £ .memory located at said central .location,, wherein said 
' central location transmitter, is operated by the medical- personnel 

to form transmitted instructions for the patient based on 

(i) patient medical data stored in said memory and 
displayed on said first display, and 

(ii) heart conditions transmitted from the patient by 
means of said patient mounted receiver and displayed on said 
second display. 

5 1 . The system ; of claim 50 v further comprising a medication 
delivery system which is affixed to the patient, wherein said 
patient mounted receiver signals to the patient a medication 
delivery signal, t and said delivery ^medication .delivery signal 
initiates delivery of a specified ^quantity of ^medicine, from .said 
medication delivery system. 

52. The system of claim 50 . ; wherein r said patient; mounted 
receiver receives the transmitted instructions, ,and, one .of, said 
instructions comprises a magnitude component for the electrical 
shock, and said m signal .. is , . appl|e,d to a pulse circuit to : control the 
signal for the patient mounted electrodes.- .., , .■ 

.:<:- r. ~: y;nv:.0 :uo;:. ■":-•.■*;;» 

s ^f e p} t of v.f^nx 50, ^herein said stored patient medical 
data ...and <( sajd transmitted heart r conditions comprise EKG wave 
forms 

54. The systern of L ,qlaiin ,£0, >vherein said : patient- /; mounted 
receiver connects with a decoder, which -forms pulse « .selection 
signals for said heart pacing ^system. 

55. The system , of claim 50 wherein said central- location 
transmitter transmits encoded .signals: for said patient mounted 
receiver, and transmits, a . second .set of encoded signals ..to. an 
emergency medical service.. . . . , . ...... 
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56. The system of claiirh 55, ; wherein said central transmitter is 
operated by the Medical personnel to form transmitted 
instructions for the patient ''biased on patient medical data stored 
in rt a memory and tHe lJ heart conditions transmitted from the 
patient by means bf said patient mounted receiver. 

57. The system of claim 56 wherein 1 said patient medical data 
and said heart conditions are displayed simultaneously at said 
central location. ; ( 

58. The system of claim 57 wherein said patient medical data is 
displayed on a first CRT and said second conditions are displayed 
-on a second CRT. " " : ' ' ■ ' ; " x: " 1 '* ' ' : " } ' v - "' ' ^ ' 

59;- The- system ^tff 0 clai'fn 56 r 7 ^ftferein ' said' "patient medical data 
arid s^id Heatrt conditions coiiipnse'EKG Wave forms. 

60. The system of claim 57 wherein said heart conditions are 
displayed in real time as they are received from said patient 
mounted transmitter.' )! ' w 7 t, : 

61. A method of monitdring and : medically - intervening in the 
health care of a recovering :f tieatt ; ^^pAtierit comprising the steps of: 

(a) mounting heart monitoring sensors on a patient 
remote from k ■'" -rriedicaf fafci'fity t6 tHttkby transmit the heart 
signals' from the ' patient While mobile ahd awAy from the ^ ' meldical 
facility; 

(b) receiving the patient transmitted signals from the 
patient 1 at ! a central location and v displaying aspects of the signals 
to- enable medicaT analysis in real-time; '* ^ i 

(c) making discretionary 1 riiedic'af diagnostic instructions 
for the patient in the form of coded digital data transmissions 
transmitted from the central location to the patierit; 

*. :^:o ((j) "selectively receiving transmitted signals at the patient 
and forming from said signals remotely' controlled pulses applied 
through a set of electrodes on the patient to alfeir operation of the 
heart; and 
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(e) transmitting digitized patient EKG data to a physician 
carried receiver. w ' 

62. The method of claim 61 remotely controlled pulses comprise 
sized pulses. 

_ ( The ^ -method of claim.,. 61 wherein said patient received 
signals are intended solely for that .patient. n 

64. The method of claim 61 wherein said patient received 
signals are displayed as alphanumeric instructions for the patient. 

65 . The method of claim : 61, comprising the additional step of 
applying heart pacing shocks, as specified by said patient received 
signals, to .the patient, . wherein , said heart pacing shocks 'are 
applied to the parent to regulate the. heart beat for. a specified 
interval and at a specified rate, and as .defined , by , said medical 
diagnostic instructions. 

66. The method of claim 65 including : the additional step of 
varying energy in said shocks from a heart pacing shock level to a 
defibrillation shock level. f . 

67. The method of claim 66 wherein a first defibrillation .shock 
and a second defibrillation shock are applied, and said second 
defibrillation shock is larger ,, than, said . first ; defibrillation shock. 



68. The method of claim 61 further, comprising the - additional 
steps of: , . . . ' . 

(a) .provjdmg a , first r . .tli splay ; located -at said central 
location; ' r< 

(b) providing a second .display; -located -at . .said .central 
location; 

,( c ) Providing a .memory located at ..said central, location; ■■, 
. : ... (d) .. displaying patient, medical data stored in said memory 
on said first display; 

(e) displaying heart conditions received as said patient 
received signals on said second display; 
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(f) forming 'said medical diagnostic instructions by 
comparing said first display and said second display; and 

(g) transmitting said medical diagnostic instructions to the 
patient/ : k ^ 

69. The method of claim 68 comprising the additional step of 
providing' a medication 1 system moiinted oh the patient, wherein 
said medical diagnostic instructions signal said medication system 
to provide a specified amount of medication for the patient. 

; 70: The method ' of claim 68 mblubing the additional step of 
displaying said patient medical data and said heart conditions 
simultaneously at said central location. 

71. -The rndthbd of sr claiiri 61 J \vhereiri said patient received 
signals comprise* ;: instructions? and' one of said instructions 
comprises a vmagiiitude component for said pulses, arid said 
instructions cooperate with a pulse circuit to control the power of 
electrical pulses supplied to said set of electrodes on the patient to 
alter operation of the heart. v - 

72. The system of claim 68 wherein said stored patient medical 
data and said transmitted heart conditions comprise EKG wave 

forms. y ^ Vi — '< ° : ' a - ;/J -; * ; ;' :L ' :;;: ' ^ ' 

73. The method f of clairri 61 1 including the additional steps of : 1 

(a) processing said patient received signals with a decoder 
to farm-pulse selebtibri signafs; ri 1 0 1 

(b) applying said pulse selection signals to a heart pacing 
system connected to said heart ittbnitoring Sensors; and 

(c) controlling the beat rate of the patients heart based 
upoii ' said patient received 'signals. 

74. :t A -method of monitoring the coronary status of a patient 
permitted- to iindertake normal activities after a coronary episode 
comprising the steps of: <v--; ' 
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(a) attaching a set of electrodes to a patient after the 
coronary episode to enable the patient - to undertake normal 
activities of life after the episode; t .. o; 

(b) forming time dependent signals from the set of 
electrodes; , , ..... 

(c) . ; time multiplexing the signals; -. ; .-. . 

. . (d> . . digitizing the multiplexed signals at a selected data 
rate; 

(e) reducing the data rate while preserving patient 
coronary condition in the reduced data rate; 

(f) transmitting the reduced data rate patient coronary 
condition; 

<$) it ■^ c ^ n ^ r :f t . ^.; ce .n j ft al J. loca 4pn, the transmitted reduced 
data rate s patient coronary ^condition; , , ; : r - 

(h) wherein .... , 

(i) the steps of transmitting and receiving are 
limited by . the pass band . of a .connective link between the patient 
and the central location 

(ii) the number of electrodes connected to the 
patient is N, and N is ; a . whole i; number integer, .and . 

(iii) the .. number . N .remains unaltered ..while the 
signals actually transmitted are N or less and changed dependent 
on the medical conditions, of the; patient; ,, ; ,n • 

v - (i Ar:,%^ aluati ^S . th 5; i 1 *^?!^^; reduped-:.: d-ata ; .( rate patient 
coronary condition to dynamically make a determination of 

Mt ie $h^ T ? nii W:r- con , d ! ti ! °i I> departing from" , patient related 
coronary heart beat .signal.. shape;, and , : 

(j) electronically responding to the step of evaluating to 
, s . e ?.!\'?'?-.,< th £ Ml}??*** i?»£ na k indicative of t , patient .nG'oronary 
conditions ^.indicative that v -,medical intervention hasr been 
initiated. . 

75. The method of claim 74 wherein N is 12 and selected 
electrodes, .are switched, off.. .. v ... ^ , ,, 

76. The method of claim 74 including the step of. .transmitting, to 
the patient a signal controlling operation of equipment so that 
steps 30(c) through 30(f) are carried out under remote control. 
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77. The method of 76 wherein the step of remote control 
switches on or off at least one electrode. 

78. The method of claim 74 wherein the step of receiving the 
transmitted signal compares the patient coronary condition with 
EKG signals in a neural network' knd forms kn indication of patient 
condition from operation of neural network. 

79. The method of claiiti ; 78 - : i"ntlUding"' the preliminary step of 
inputting patient EKG signals into a central location memory. 

80. The method -ofr claim '74 ^ Tftcltiding the^ : ^tep' of transmitting 
the reduced data rate in a barid'Width fitting in ' a telephone line 
pass band. 

81. 1 The "method of claiih 74 Wherein the signals are corrected 
for drift prior to transmission. 

82. The method of -claim j 7 : i ni Wherein * drift as a result of patient 
respiration is femoved ' prior 7 to transmission. : 

83. The method of claim 74 : whereiH' the signals are rotated with 
irespect to the ^trunk? ^bf^the patient's body prior tb transmission. 

84. 'The method ir of * claim 1 74 '^hereifr the 1 signals' are shifted with 
respect to the patient's body -pnoiH Jfo ' transmission! 

8 5 . - 1 The method of claim r '74<' wherein the ' patient is* additionally 
monitored for' blood 'oxygeri ' fionteht and 1 a Signal 1 indicative of 
oxygen content is provided for transmission and is transmitted in 
four bands represented by digital data. 

86. The method of claim 74 including the step of storing history 
of the patient and comparing the EKG obtained from that patient 
with the triansmitted data iri real time. ,: u ' " 
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87. The method of claim 74 wherein the signals from the patient 
are conditioned prior to transmission, wherein said signal 
condition comprises correction for signal bias in a measured 
periodic signal by: :i • . - 

(a) _ observing the measured Aperiodic signal over a period 
of time significantly larger than the period of the periodic signal; 

(b) obtaining a moving average of the periodic ! signal from 
said observation; and " 

(c) ^subtracting said moving ; average from said measured 
periodic signal thereby correcting-^id-- measured periodic signal 
for slowly varying bias changes.. ~- % 

88. ; method of claim 81 wherein said, signal drift correction 
comprises the steps" of: " \> ' /'V 

r ; (a) forming ' 'a digital filter whjeii j " Has" {.V magnitude 
response which is flat in band pass and whicK posses sharp drop 
off on the flanks of said band pass; and 7 

(b) passing said signals through said digital filter thereby 
removing relatively low frequency drift from said signal prior to 
transmission of said signal. 

89. The method of claim 83 wherein said signals art rotated 
with respect to the trunk of the patients body by: 

(a) defining a standard heart orientation; 

(b) defining a standard array for the placement of said 
electrodes onto the patient's body; 

(c) defining standard differences in signals from said 
electrodes from a heart in standard orientation; 

(d) measuring differences in signals from a standard array 
of electrodes placed on said patient; 

(e) comparing said standard differences and said 
measured differences to determine an actual orientation of said 
patient's heart; and 

(f) correcting said signals for non standard heart 
orientation based upon said comparison. 
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